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T IS readily appreciated that migraine ranks high among chronic ailments 

which result in loss of time and broken engagements for work and pleasure. 
Although migraine is not in itself a fatal malady, it makes its claim for attention 
by the periodicity and unpleasantness of the attacks. Accordingly, many at- 
tempts have been made through the ages to affect a remedy for this disorder and 
to discover its possible causative factor (Riley'). 

The first direct evidence associating migraine attacks with possible changes 
in the acid-base balance of the blood was that presented by R. and 8S. Weismann- 
Netter,? who determined the blood carbon dioxide content and pH in such eases. 
These authors found in eleven patients between attacks that the mean alkaline 
reserve was 61.6 volumes per cent and the mean pH 7.39, with limits of variation 
within the normal range. Bloods which were drawn during the crisis were found 
to be essentially identical with those drawn between attacks. These authors were 
able, however, to carry out a series of determinations in two cases where the 
attacks occurred at regular intervals. From the observations made upon these 
two eases the opinion was expressed that in certain cases of migraine the attacks 
ire related to an uncompensated alkalosis which appears several hours before 
he attack develops. It was also reported that hyperventilation may result in an 
attack of migraine, probably through an excessive loss of carbon dioxide. Aside 
‘rom these direct observations, the chief evidence of a possible disturbance of the 
icid-base balance of the blood lies indirectly in the reported beneficial effects of 
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ketogenic diets in the control of the migraine attacks (Schnabel,* Barborka,* 
Pollock and Barborka,’® and Barborka®). That migraine may be associated with 
an alkalosis does not seem unreasonable, since it is a common observation that 
the uncompensated alkalosis following excessive bicarbonate administration may 
be accompanied by severe headache (Gatewood, Gaebler, Muntwyler and 
Myers’ ). 

As a result of the uncertainty of the changes of the acid-base balance of 
the serum in migraine, an investigation was begun in 1931 with the object of 
making a comprehensive study of a few typical migraines over a considerable 
period of time. The plan was to obtain biood specimens at various intervals be- 
tween and during the periods of attacks. Due to the lack of cooperation on the 
part of the patients this program was soon abandoned and the study resolved 
itself into obtaining blood from a number of patients at various periods in re- 


lation to the attacks. 
The patients with migraine selected for the present study all presented 
severe paroxysmal headaches associated with various aura and accompanied 


by nausea, vomiting, visual disturbances and prostration. The acid-base balance 
procedures and the manner of handling the blood specimen were performed as 
previously deseribed (Muntwyler and others*). 


RESULTS AND DISCUSSION 


The results of the acid-base balance studies of the serum in fourteen cases 
of migraine are collected in Table I. During the course of this study, it was 
possible to obtain two blood specimens at the first indication that an attack was 
coming on, eight at the height of the attack, nine shortly following the height 
of the attack, and eleven in between the attacks. It is apparent from a perusal 
of the data presented that there is no change in the acid-base balance from 
normal in migraine. This is also borne out when the average values for any of 
the periods in relation to height of the migraine attack are considered. Review- 
ing the acid-base values as a whole, the pH ranged from 7.33 to 7.49 with 27 of 
the 30 determinations falling between pH 7.39 and 7.46. The value of pH 7.49 
in Case 4 may in all probability be explained as secondary to the extreme vomit- 
ing which occurred in this instance. This factor undoubtedly accounts for the 
only lowered serum chloride value (93.5 m.eq.) encountered in this series. All 
of the serum bicarbonate values remained within the normal range and the great 
majority of the figures were within the range 24.0 and 29.0 m.eq. 

These observations substantiate the findings of R. and S. Weismann-Netter? 
who observed no change in the pH and earbon dioxide content of the blood either 
during or in between the migraine attacks. We were not able to study cases 
in which the migraine attack oceurred at regular intervals as was the case with 
the above workers so that the acid-base balance studies could not be made as 
much as forty-eight hours before the attack. It is at such a period that the above 
workers found an uncompensated alkalosis. In Cases 2 and 9, however, the blood 
was obtained a number of hours before the onset of severe headache and accom- 
panying symptoms. In these two instances there is also no evidence of a disturb- 
ance in the acid-base balance. It is rather difficult to understand how a supposed 


' Sey 


SORE S09 GIION Se 3 EEN RN DE CM tian BARRE, 





‘sayeul a10M ET PUB & SASBDs 
yoRyyeR Jo Sty SULMOT[OJ Ap Woy : = = : . “CT »* - ye Os’). / 


879 


youRyye Jo Slay SULMOTOJ A|y 
YORE SULMOTOF Sul 
l 
youyB JO PU 
YORIIBW SULMOTOF SULT! 
[BULLION 


JO Jostlo d10 JOG SANOT [Bld AdON 


MIGRAINE 


IN 


YyouyyeB Jo WStoy VV 
youyye jo }YSioy SULMOT[OJ A] OYUN 


[BULLION 


BLOOD 


OF 


youyyR jo 


[BULLION 


YORE jo oO 


Zz 
< 


BAI 


. 
4 


youyye jo }YStoy SULMOT[OJ 


yoryye JO Wsrey Furmoyjoj AP LIOUN 
| J [otol] IMOT[OF A] | 


YOUR SULMOTOJ sABp AnOg 


ACID-BASE 


poMo][OJs yYovyye 
B1BAAS ‘IPYBPBIlT] jo UOTPBoIpUl js1y 2V 
you}}e8 JO WySy VV 
you}}e jo WySoy SuUtMoOOF Ay40y8 181 
[BULLION [LI 
youyyB FO }YSoy FV ro ic 


AL. : 


youyye Jo 4} Lot, SULMOT[OJ A}A0US OZ ? t¢/F /IL 
yore Jo yysey FV [LI C's >" ; gy" Te/te/or 
‘da “WW 

n1 oy ‘ba “Ke 
SMUVINAY apm oan pe yg 

iota - SOYALI Pens peeengein’ pas 
-SU1IOHO IVLOLSONIN ‘IVLOL 
aSVd ‘IVLOL 














aLvVa 


MUNTWYLER ET 


ANIVUDIPY NI Waudg ant dO AONWIVe, ASVE-dloy FHL 


VIAL 


























SSO THE JOURNAL OF LABORATORY AND CLINICAL MEDICINE 













uncompensated alkalosis forty-eight hours prior to the attack could be a con- 
tributing factor to migraine and then suddenly disappear so that entirely normal 
acid-base balance findings are observed when the migraine attack actually be- 










comes manifest. 
In addition to the acid-base balance determinations, estimations of cho- 
lesterol and icteric index were made in most of the cases. The cholesterol was j 
determined on twelve of the fourteen cases. If the range of 140 to 170 mg. per i 
100 ¢.c. of serum is taken as normal (Myers and Wardell method’), then seven ; 
of the twelve cases had cholesterol values in excess of the upper normal; the : 
‘| 






highest value being 319 mg. per 100 ¢.c. The slightly elevated cholesterol value 






in this condition appears to have been the observation of several other workers 
(Moehlig.”° and MeClure and Huntsinger'!). The icteric index was determined 
in thirteen of the fourteen cases. If the upper normal for this determination 








is taken as 6 (Bernheim"™), then values greater than normal were found in ten 
of the eases: the highest value being 21. Both in the ease of the cholesterol and 












icteric index there appeared no relationship between the concentration level and 





the presence or absence of the migraine attack. 







CONCLUSIONS 


1. There is no change of the acid-base balance of the serum either during or 

















4 
in between migraine headaches. 
2. The blood cholesterol and icteric index are both frequently found slightly j 
elevated in migraine, although the levels appear to hold no relation to the pres- : 
ence or absence of attacks. 
i 
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PRECIPITINS FOR STREPTOCOCCUS HEMOLYTICUS IN 
RHEUMATOID ARTHRITIS SERUMS* 


MARGARET STRAUB NEIL, AND Epwarp F. Hartrune, M.D., New York, N. Y. 


HE presence of agglutinins for hemolytie streptococci in high titers in the 

serums of patients with rheumatoid arthritis has been verified by most 
investigators of this problem.’*’ Ageglutinins for these organisms are not found 
at all or only in low titers in most serums from patients with osteoarthritis or 
from normal subjects. These findings, summarized in Table I, stand out as 
almost the only undisputed observations among the various bacteriologic and 
serologic studies on arthritis published in the last thirty-six years. The results 
of the agglutination reactions have led many investigators to assume that 
hemolytic streptococci are involved, primarily or secondarily, in the etiology 
of rheumatoid arthritis. Certainly agglutination is not specifie for any ‘* typical 
strain’’ of streptococcus. Comparable results are obtained with various strains 
of Streptococcus hemolyticus. 

The purpose of this study was to determine the presence of precipitins for 
various fractions of hemolytic streptococci in the serums of arthritis patients 
and to compare the results thus obtained with the agglutinin content of the same 
serum. It has been found that in some bacteria, such as in the pneumococcus, 
type-specificity may be determined by a characteristic carbohydrate and group- 
specificity by the protein fraction of the organism. Chemical determinants of 
type- and group-specificity have been demonstrated for the Streptococcus 
hemolyticus as well. Other workers have found in streptococci a type-specific 
protein which permits distinction of types in agreement with the results of agglu- 
tination and mouse protection tests, and nucleoprotein which gives cross- 
precipitin and complement fixation reactions with analogous fractions of other 
gram-positive cocci, such as Streptococcus viridans, pneumococcus and staphylo- 
coccus. A group-specific carbohydrate has been found which is characteristic 
of strains of human origin. Other fractions have been shown to be present, 
but they are not important in our present study. It appeared possible that the 
precipitin tests might, perhaps, give more uniform and specific results with 
arthritis serum than those obtained by the usual agglutination tests, first, because 
the antigen might be prepared so as to inelude a greater concentration of the 
type-specific and group-specific substances, and second, because the antigen 
used in the precipitin tests might be less subject to variation. 

Few reports on precipitins for hemolytic streptococci in relation to arthritis 
have been published. Seegal, Heidelberger, Jost, and Lyttle’? performed pre- 
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cipitin tests on the serums from thirty-six cases of rheumatoid arthritis. They 
found strong precipitin reactions against Streptococcus hemolyticus protein frac- 
tions, whereas in the control groups precipitation was minimal or absent. Daw- 
son, Olmstead and Jost'' studied the precipitin content of the blood in patients 
with rheumatoid arthritis, using two nucleoprotein fractions designated D and K 
by Heidelberger, and a earbohydrate fraction C as antigens. They found that 


these chemical fractions of Streptococcus hemolyticus gave fairly similar reac- 


TABLE I 


A SUMMARY OF THE LITERATURE CONCERNING THE AGGLUTININ CONTENT OF THE SERUMS IN 
RHEUMATOID ARTHRITIS PATIENTS 


PER CENT OF SE- 
AUTHOR NUMBER OF TITER CONSIDERED RUMS WITH 
PATIENTS TESTED SIGNIFICANT SIGNIFICANT 
TITERS 
Cecil, R. L., Nicholls, E. E., and Stains- 105 1:640 or higher 94.0 
by, W. J. 
Nicholls, E. E., and Stainsby, W. J. 110 1:640 93.6 
Nicholls, E. E., and Stainsby, W. J. 613 1:320 ‘* High per cent ’’ 
Dawson, M. H., Olmstead, M., and Boots, 66 Extraordinary ‘*Majority of 
R. H. high titer cases” 
Dawson, M. H., Olmstead, M., and Boots, P06 1:160 or higher 66.5 
R. H. 
Keefer, C. S., Myers, W. K., and Oppel, yy 1:40 and 1:80 54.5 
7. W. 
Blair, J. E., and Hallman, F. A. 1:160 
Cox, K. E., and Hill, D. F. 2! 1:320 
McEwen, C., Bunim, J. J., : 1:20 and higher 
ander, R. C, 


tions and that these results roughly paralleled the agglutination tests. Me Ewen, 
Bunim, and Alexander® reported their findings of precipitins in rheumatoid 
arthritis serums, using a group-specifie carbohydrate. They stated that 77 per 
cent of the serums from patients with rheumatoid arthritis and 24 per cent of 


those from normal subjects gave positive reactions. 
MATERIAL 


Only human strains of Streptococcus hemolyticus were used in the present 


precipitin studies. The results obtained with an antigen prepared from NY. 


isolated by Dochez from the throat of a patient with scarlet fever were compared 


in part with those of extraets from two other hemolytic streptococci, K, an 
organism isolated from the throat of a patient with acute rheumatie fever, and 
M, isolated from a ease of mastoiditis. The serums tested were taken from 
typical rheumatoid arthritis and osteoarthritis patients at the New York Post- 


(Graduate Hospital. The tests were controlled with serums from normal subjects. 
METHOD 


Hydrochlorie acid extracts of hemolytic streptococci were used as antigens. 
These were prepared, as described by Laneefield,!* according to a modification of 
Porge’s method. Our object was to extract from each organism both the earbo- 
hydrate and protein components. The type-specific protein fraction designated 
as M was then extracted from the crude hydrochloric acid extract and concen- 
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trated by means of alcoholic precipitation. The amount of carbohydrate, the 
group-specific substance contained in the crude HCl extract was less than 0.1 
per cent as shown by chemical tests described below. To obtain appreciable 


amounts of carbohydrate this extract must be further concentrated. 


The method of preparing the antigens is briefly as follows: A liter of plain 


broth of pH 7.6 was inoculated with 6 ¢.c. of a freshly growing broth eulture of 
Streptococcus hemolyticus. After eighteen hours’ incubation at 37° C., the sedi- 
ment obtained by centrifugation was suspended in 0.85 per cent salt solution. 
To this was added sufficient normal hydrochloric acid to make a final concentra- 
tion of N/20. This suspension was immersed in boiling water for fifteen minutes, 
cooled to room temperature and centrifugalized for thirty minutes. The super- 
natant liquid was neutralized with sodium hydroxide. The precipitate which 
formed was discarded after centrifugation and the resulting supernatant 
fluid was the erude antigen ready for use. About 15 ¢.c. of erystal clear, slightly 
vellowish antigen was obtained from each liter of broth culture. 

In order to extract the type-specific fraction, the crude hydrochloric acid 
extract was treated with three times its volume of 95 per cent alcohol and sodium 
acetate in proportion of 10 gm. per liter of extract. This mixture was allowed 
to stand in the refrigerator overnight. The precipitated substance was redis- 
solved in 0.85 per cent saline. This process was repeated three times. The final 
solution which was used as the antigen contained protein M, the type-specific 
substance, and less than 0.1 per cent of carbohydrate. 

The following technic was used in performing the precipitin test: Three 
tubes were set up containing equal amounts of patient’s serum, and varying 
amounts of antigen and saline, so that the total volume in each tube was 0.5 e@.e. 
The fourth tube which was set up as a control contained only patient’s serum 
and saline. Thus the first tube contained 0.4 ¢.c. of antigen, and 0.1 ¢.e. of 
serum; the second, 0.3 ¢.c. of antigen, 0.1 ¢.c. of serum, and 0.1 ¢.e. of saline; 
the third, 0.1 ¢.c. of antigen, 0.1 ¢.c. of serum, and 0.3 ¢.c. of saline. The control 
tube contained only 0.1 ¢.c. of serum and 0.4 ¢.c. of saline. The tubes were well 
shaken, placed in a water-bath at 37° C. for two hours and at the end of this 
time a preliminary reading was made. The tubes were then placed in the re- 
frigerator overnight and a final reading was made in the morning. The tests 
were not centrifugalized before reading. 


RESULTS 


In Table II it will be seen that the serum of 36 per cent of rheumatoid 
arthritis patients agglutinated strain AB, in serum dilution 1:160 and above. 
Strains NY. and C,, gave results of 30 per cent and 24 per cent, respectively. 
Other hemolytic organisms obtained from the blood of septicemia subjects, and 
those isolated from the throat and stool gave a much lower percentage of positive 
results. RB,, a Streptococcus viridans, was agglutinated in 16 per cent of the 
serums; other viridans strains gave positive results in very small percentages. 
The serums from patients with osteoarthritis showed no agglutinins for any of 
the hemolytic organisms, and only 6 per cent showed agglutination for strain 
RB,. Agglutination tests with other green streptococci were negative. In the 
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TABLE II 
AGGLUTINATION REACTIONS IN RHEUMATOID ARTHRITIS, OSTEOARTHRITIS, AND NORMAL SUBJECTS 


RHEU- RHEU- 
MA- OSTEO- MA- OSTEO- 
TOID |ARTHRI- NORMAL) TOID |ARTHRI- NORMAL 
NUMBER ARTHRI- TIS ARTHRI- TIS 
OF PA BACTERIAL ANTIGEN USED TIS TIS 
— PER CENT POSITIVE IN DI- 
LUTIONS 1:160 AND 
ABOVE 


AB,, Alpha prime streptococcus* o4 100 S4 36 0 
NY, Streptococcus hemolyticust 60 89 - 30 0 
C,, Streptococcus hemolyticust 60 SY = 24 0 
Adamno Strep. hemo. septicemia o+ 98 94 14 0 
Throat M Strep. hemo. 69 96 6 0 
Stool S alpha streptococcus 75 81 6 0 
RB, Streptococcus viridans$ G4 62 16 6 
Allen Strep. vir. septicemia 86 100 4 0 
Clawson, Strep. vir.‘ 81 90 - 0 0 
Clawson,, Strep. vir. 75 81 - 6 0 


PER CENT NEGATIVE IN 
ALL DILUTIONS 


*Isolated, according to R. L. Cecil and others, from the blood stream of a patient with 
rheumatoid arthritis. 

tIsolated by Dr. A. Dochez from the throat of a patient with scarlet fever. 

tFrom the throat of a patient with rheumatic fever. 

§Isolated by Cecil from the blood of a patient with acute rheumatic fever. 

{isolated by Dr. B. J. Clawson and others, from a patient with acute rheumatic fever. 

Isolated by Dr. B. J. Clawson and others, from a patient with “chronic arthritis.” 


normal group, agglutination occurred in 10 per cent of the serums when strain 


AB,. was used. The results with other hemolytie organisms were negative. 
13 e z 


When Streptococcus viridans organisms were used, 16 per cent of the normal 


serums showed agglutination with strain RB; but not a single serum agglutinated 
any of the other strains. In general our findings of agglutinins for hemolytic 
streptococci in the serum of patients with arthritis are in agreement with the 
results of other workers. 

Table III compares the agglutinin and the precipitin content of serums from 
another group of patients with rheumatoid arthritis and osteoarthritis, and 
from normal subjects, using a suspension of the whole organism NY. as an 
antigen for the agglutination test and the hydrochloric acid extract of the same 
organism for the precipitin test. In this rheumatoid arthritis group 24 patients, 
or 44 per cent, showed agglutinins in titers of 1:160 and above. All but two 
of these 24 serums showed precipitins in varying titers. Generally speaking, 
the higher the agglutinin titer the stronger was the precipitin reaction. The 
remaining 31 serums showed agglutinins in low titers or not at all and only seven 
of them showed precipitins. In the group of 20 serums from patients with osteo- 
arthritis, none showed agglutinins and only two showed precipitins, these in very 
low titers. In the normal group neither agglutinins nor precipitins were found. 

We were interested to see if hydrochloric acid extracts of hemolytic strepto- 
cocci other than NY, would give comparable precipitin reactions. In Table IV 
the results are tabulated on 11 rheumatoid arthritis, 11 osteoarthritis, and 11 
normal serums. The serums were all tested for agglutinins for NY, and pre- 
cipitins for the hydrochloric extracts of NY,, K and M, all strains of Strepto- 
coccus hemolyticus. It is obvious from this table that when precipitins for one 
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{ extract were found, they were present, with the exception of one serum, for the 
other extracts as well and in comparable titers. 
The type-specific fraction M, obtained from the erude hydrochloric acid ex- 
. tract by alcohol precipitation, was used as an antigen in a subsequent series of 
tests. It was found that the results quite closely paralleled the agglutinin 
TABLE III 
AGGLUTINATION AND PRECIPITATION REACTIONS USING NY, ANTIGEN AND HCl Extract 
4 
es __ |DURATION| TITER OF | cpr. DURATION | TITER | pepcrp: 
omne | “8 OF AGGLU- cing | PATIENT AGE OF AGGLU- | “hing 
DISEASE ; TININS DISEASE | TININS 
I. Rheumatoid Arthritis, 55 Patients 
Hu 57 dD yr. 1:1280 t++- Pe 25 > mo. 0 +++4- 
De 48 14 yr. 1:1280 | +++- £3 26 3 yr. 0 t+-- 
Sl 54 7 yr. 1:1280 +++- Pe 18 34 mo. 0 +++- 
Co 54 2 yr. 1:640 b++- F] 35 DS yr. 0 
Bl $8 8 yr. 1:640 he a te a Wa 28 2 yr. 0 lia 
I Me 56 14 yr. 1:640 t++4- Na 46) 15 yr. 0) bt+-- 
St 24 12 yr. 1 :640 t++- Br 58 6 wk. 0 
Co 48 6 yr. 1:640 + +4 Ke 38 14 yr. 0 
Kn 52 l yr. 1:640 + +4 Sm 19 6 mo. 0 -- 
Mu 54 4 yr. 1:640 +++ Po 30 o 9F. 0 e akin 
Bo 60 12 yr. 1:320 +4 Fo 50 Ll yr. 0 es 
Kn 45 14 yr. 1:320 De 33 0 ao 
St 51 6 yr. 1:320 ++4 Li 22 : ¥z. 0 -=-<- 
Ba 55 A ¥F. 1:320 +4 Ma 4] 5 yr. 0 aie 
Br 58 8 yr. 1:520 + — - Se 39 6 mo, 0 ---- 
Ze 50 3 yr. 1:320 Hi 0 ---- 
Ja 28 2 yr. 1:520 +++ Ne 32 + mo. 0) -<-<-- 
Ho 30 4 mo. 1:320 ++ 4 Ro +3 5 wk. 0 ---- 
Ar 23 9 yr. | 1:320 + + Se 47 3 mo.| 0 ---- 
Se 47 3 yr. | 1:320 Ha 49 1} yr. 0 ciechoaies 
Br : 1:320 + + +4 Ma 38 14 yr. 0 “== 
Me 42 8 yr. 1:160 } _ Pe 18 3. yr. 0 ---- 
: Be 55 ; we. 1:160 Hy 9D 1} yr. 0 — 
| Go 465 2 yr. | 1:160 + + Wi 54 5 mo.| 0 ---- 
To 47 7 mo, 1:80 - Br 21 3) oWk. 0 ---- 
i Me 71 2 mo. 1:80 bp 4 = « So 27 4 mo. 0 ---- 
Mo 34 10 mo. 1:20 -- Se 38 4 yr. 0 | ---- 
Ke 30 1:20 ---- ~ 
i Tl. Osteoarthritis, 20 Patie nts 
1 Bu 0 — Ro 0 15 is 
ql Ka 0 Ri dee an Se 0 sated 
Me 0 . Ga 0 ---- 
St 0 , Mo 0 ---- 
Ko 0 . | Co 0 | ---- 
Dr | 0 -- Co 0 ---- 
Fr 0 --- Be 0 salt adlie 
Re 0 -- Ga 0 ---- 
Da 0 -- Go 0 a ae ae 
Ba 0 ~ We 0 Scheie: 
III. Normal Subjects, 22 Patients 
1:20 ---- | 12 0 ---- 
2 0 ---- 13 0 ---- 
3 0 ---- 14 0 ---- 
4 0 es 15 0 ee 
5 0 ---- 16 | 0 | ---- 
6 0 ---- 17 0 | ---- 
7 0 — 18 0 a 
8 0 er 19 | 0 ae a 
9 0 —<—-_- | | 0 sone 
10 | 0 “20 21 | 0 -<<0 
11 0 o<=- 22 | 0 ---- 
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titer and the precipitin content when the crude hydrochloric extract was used. 
These findings are shown in Table V. Almost identical results were obtained, 
therefore, with the crude extract and with the type-specific fraction itself. 


TABLE V 


COMPARISON OF AGGLUTININ AND PReEcIPITIN TITERS USING NY, AS A WHOLE ANTIGEN AND 
THE CRUDE AND PURIFIED HCL Extract 


TITER , TITER ; ps Sa pais 
ote PRECIPITINS | PRECIPITINS pm PRECIPITINS | PRECIPITINS 
PATIENT | cary FOR Hcl FOR ALC. PATIENT hoo FOR Hcl FOR ALC. 
bens EXTRACT EXTRACT AGGL EXTRACT EXTRACT 
TININS TININS 


I. Rheumatoid Arthritis, 47 Cases 


DI 1:1280 ia aes 4 Pe 0 oo + +4 

Co 1:640 ++4 ++ 4 Peh 0 

Cor 1:640 t+4 ++4 Fl 0 

Bl 1:640 ++4 t++4 Wa 0 

Kn 1:640 + +4 t Na 0 

Mu 1:640 t+ +4 +4 Se 0 

St 1:640 t+4 ++4 Se 0 

Br 1:320 ++ 4 t Br 0 

Ja 1:320 ee 14 Ni 0 

Ze Pa20 - Ma 0 

Bo 1:320 + 4 } Se 0 ae 

Kn 1:320 Ne (0) 

St 1:320 +4 La Br 0 ee 

Bo 1:320 + 4 + + Se 0 -ses --- 

Br 1:320 } oa Po 0 Sere 

Se 1:320 } ui Fa 0 ” aan 

Wo 1:160 ' area De | 0) 

Be 1:160 +-+-—- + + Li 0 sain 

Go 1:160 ++ —- fj tf Ro 0 7 

Me 1:80 - ++- Se 0 a ae oe ee 

To 1:80 —---- Ha 0 ~ - = -—— = = 

Mo 1:20 ---- Ma 0 a oe aes 

Ke 1:20 sce Sa Pe 0 ene Shanes nee ee 
Il. Osteoarthritis, 20 Cases 

Bu 0 4 1 . Fr 0 son a 

Ka 0 } fo = = Be 0 a —— 

Pa 0 ---- t Re 0 ae 

Ga 0 - Ga 0 

St 0 —" Da 0 ~— 

Mo 0 - Go 0 --- 

Ko 0 — Ne 0 a seat 

Co 0 -- Me 0 - con't 

Dr 0 ~— “ Ro 0 . ee 


Co 0 ee Se 0 — igi tae 


DISCUSSION 


As has already been pointed out, our results in determining the agglutinin 
content in the serums of patients with arthritis are, in general, in agreement 
with those of other investigators. However, the percentage of serums which 
showed agglutinins in serum dilution of 1:160 and above are lower than those 
published by most workers (see Tables I and IT). Close analysis of our work 
tends to show why this is so. Our objective when this research was undertaken 
was to test the usefulness and the accuracy of the agglutination test as an aid 
in differentiating between, and diagnosing rheumatoid and other forms of 
arthritis. The cases were selected with great care to distinguish between rheuma- 
‘oid arthritis and other joint diseases but without regard to many factors which 
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seem to play a part in determining the agglutinin titer. Had we been interested 
in finding out the time in the course of the disease when patients developed 
streptococcus agglutinins and how long these antibodies remain in the circulating 
blood after the disease process has become quiescent, our selection of cases would 
have been different. The age of the patient, the season of the year, the duration 
of the disease, whether of a few weeks or of many years, and the activity of the 
process were not taken into consideration. Only one serum was taken from 
each patient. Our figures, it should again be pointed out, include only those 
serums which showed a definite agglutination in serum dilution 1:160 and above, 
a fact which makes it impossible to compare our percentages of ‘‘ positive’’ re- 
sults with those of some workers. 

Precipitin tests when using the crude hydrochlorie acid extract and the 
concentrated extract which contained the type-specific fraction, gave results 
which were almost identical with each other and with the agglutination tests. 
The hydrochloric acid extract contained both the group-specific carbohydrate C 
and the type-specific protein M. The amount of C in this erude extract was 
less than 0.1 per cent and has been used as a source of purified C by Lancefield. 
Whether the concentration of C in this extract was sufficient to account for our 
precipitin results or whether our results when using this extract were due to M, 
or a combination of both fractions, cannot be answered at present. 

The chemical behavior of these extracts is summarized in Table VI. From 
this it is seen that the HC] extract did not contain a sufficient concentration of 


protein to give a positive biuret or Millon reaction. Its carbohydrate content was 





TABLE VI 


ExtTrRAcTS USED AS ANTIGENS 





TESTS FOR CARBOHYDRATE AND PROTEIN ON BotTHu 


CRUDE Hcl EXTRACT PROTEIN M FRACTION 


Biuret Negative Slightly positive 
Millon Negative Negative 
Molisch Slightly positive Slightly positive 
Benedict Negative Negative 


insufficient to give a positive Benedict test but did give a slightly positive 
Molisch reaction. The purified M extract gave a positive biuret reaction and a 
slightly positive Molisch reaction. 

The hydrochloric acid extracts from the three organisms we used gave 
comparable precipitin results. This finding cannot be interpreted as meaning 
that these streptococci were of the same type. All three extracts supposedly 
had in common the group-specific carbohydrate C. It may be, however, that 
if we had extracted only pure type-specific M from each of these organisms, we 
would not have obtained identical results. It may be that only certain types 
of hemolytie streptococci are involved in the etiology of rheumatoid arthritis. 
Work is now in progress to extract M from hemolytic streptococci of many 
sources to test this hypothesis. 
CONCLUSIONS 
1. A greater percentage of serums from patients with rheumatoid arthritis 
show agglutinins in high titers for hemolytie streptococci than do serums from 
patients with osteoarthritis or from normal subjects. 
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2. Agglutinins and precipitins are demonstrable in comparable titers. 

3. The precipitin reactions using the hydrochloric acid extract of hemolytic 
streptococci and the type-specific fraction, which is precipitated out from this 
erude extract give results which closely parallel each other. 

4. The precipitin test is found to be less subject to variation, requires less 
time to perform, and the antigen may be kept more uniform over a longer period 
of time. 
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ON THE NATURE OF THE ANTIPERNICIOUS ANEMIA PRINCIPLE 
IDENTIFICATION OF THE 5, 6-QUINONE OF DIHYDROINDOLE-2-CARBOXYLIC 
Acip IN Liver Extract 


Henry R. Jacoss, M.D., Cuicaao, Iu. 


HE fact that experiments designed to isolate the active principle of liver 


extract often end with the formation of large amounts of humin suggested 
that the active principle might be a ‘‘pre-melanin’’ or a ‘‘melanogen.’’ Pro- 
ceeding on this assumption, experiments were made to isolate it as a derivative. 
The fundamental work of Raper’ was used as a guide. 

A. Similarity of Liver Extract to the ‘‘Red Substance’’ of Raper—The 
purest liver extracts of commerce uniformly have a red color. This color is 
discharged: (a) wholly by hydrogen peroxide, (b) partially by zine and 
acetic acid, (c) partially by standing in vacuo. After a few days the decolor- 
ized solution deposits a fairly insoluble dark precipitate, (d) largely by 
standing in contact with sulphurous acid. 

The red color is deepened by standing in contact with air in faintly acid 
solution. When dry liver extract is heated to about 180° C., it gives off large 
amounts of carbon dioxide and changes its properties completely, becoming 
then an acrid, insoluble dark brown mass. 

B. Isolation of Dimethoxyindole-Carboxrylic Acid.—The apparent instabil- 
ity of the active principle demands a mode of treatment quite like that used 
by Raper to identify the quinone of dihydroindole in the reaction mixture of 
tyrosinase and tyrosine. 

One hundred grams of commercial liver extract powder (Lilly) is stirred 
up in 125 ml. of 0.1 N HCl. After stirring and shaking the mixture for about 
ten minutes, it is centrifugated and decanted. Sulphur dioxide gas is bubbled 
through the liquid to saturation. The liquid is then set aside for three or ten 
days, during which time a tan precipitate appears. The liquid is filtered, and 
the filtrate concentrated under reduced pressure until it becomes thick. (A 
slow stream of nitrogen bubbling through the liquid during evaporation pre- 
vents bumping.) In order to retard reoxidation at this point, 20 ml. of 0.1 N 
HCl saturated with SOs is added. 

The liquid is then placed in a flask which ean be attached to a reflux 
condenser equipped with a dropping funnel, inlet and outlet tubes for nitrogen 
(or hydrogen) gas, and a connection to a vacuum pump. The apparatus is 
now exhausted and refilled with nitrogen gas several times to remove all 
oxygen. Then 50 ml. of 20 per cent NaOH is introduced through the funnel, 

*From the Department of Medicine, University of Chicago. 
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and the flask thoroughly shaken. When the mixing is complete, 9 ml. of methy! 
sulphate is added in several portions, shaking thoroughly between additions. 
After a final thorough shaking, the flask is warmed in a water-bath for an 
hour. A slow stream of nitrogen should be led through the flask and con- 
denser during the methylation. 

When the flask has cooled, it is disconnected, and its contents are trans- 


ferred to a stoppered flask. (A preliminary concentration under reduced 


pressure at this point may be necessary.) A moderate amount of ether is added, 


the mixture thoroughly shaken and set away overnight. After twelve or 
fifteen hours a heavy scum will have formed if the pH of the mixture is near 
7.0. This is the crude acid. It is filtered off, pressed between filter papers, 
and dried in the air. The yield is about 3 gm. When dry, the crude acid is 
a tan powder. 

The crude acid is purified by extraction with dry acetone. It is best ex- 
tracted repeatedly with boiling acetone in a reflux condenser. Many portions 
of acetone should be used, each extract filtered hot, and all the filtrates united. 
The filtrates are uniformly light tan in color. The united filtrates are decolor- 
ized with animal charcoal, then concentrated until a slight turbidity appears. 
Three or four volumes of hot benzene are added to the hot acetone solution 
and the mixture allowed to cool gradually. A crystalline precipitate, consist- 
ing of colorless rhomboid plates, parallelograms and long flattened spines, 
soon appears. The yield may be increased somewhat by adding more benzene 
or by distilling off some of the acetone through a fractionating column. The 
crystals are recrystallized from a hot acetone-benzene mixture, and they re- 
appear as rhomboid plates of uniform size and shape. 

The crystals melt at 204 or 205° C. with decomposition and gas formation. 
There is considerable sublimation at the melting point, and the sublimate con- 
sists largly of long, thick needles which melt at 205° C. It was not possible 
to observe the formation of crystalline material melting at 154-5° C. from 
the decomposition products of the original crystals, which would have corre- 
sponded to dimethoxyindole.? 

The crystals are soluble in water. The solution gives a precipitate with 
phosphotungstie acid, gold chloride and mercuric chloride solutions. There is 


no reaction with p-dimethylaminobenzaldehyde. 
COMMENT 


Although further study is required to establish the exact composition of 
the erystalline substance isolated from liver extract, all the observed properties 
and the method of isolation indicate that it is identical with the substance 


isolated by Raper from a tyrosinase-tyrosine mixture. Accordingly, the red 
>? 


substance in liver extract is presumably identical with the ‘‘red substance 
of Raper, namely the 5, 6-quinone of dihydroindole-2-carboxylic acid. 
Whatever the influence of this substance on pernicious anemia may be, it 
cin now be stated that liver extract contains the first member of a new series 
of alpha-amino acids. Strictly speaking, this substance is an alpha-imino acid 
like proline. However, it is unique in that it is an indole, or really an indoline, 


aid that it is present in the unstable quinone form. 
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The effect on pernicious anemia, and the theoretical implications with 
respect to the formula of hematin and allied pigments, will be presented in a 
subsequent paper. 
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ON THE NATURE OF THE ANTIPERNICIOUS ANEMIA PRINCIPLE III* 
THE RESPONSE OF A CASE OF PERNICIOUS ANEMIA TO THE ORAL ADMINISTRATION 
OF A TYROSINASE-TYROSINE MIXTURE 


Henry R. Jacoss, M.D., Cuicago, Itt. 


HE 5:6-quinone of dihydroindole-2-carboxylic acid has been partially 

identified in liver extract... Whether this substance is the active principle 
ean be learned only through clinical trial. Because of its instability, it cannot 
readily be synthesized in pure form, and hence recourse must be made to the 
use of impure mixtures. Raper? showed that this substance was a product of 
the action of tyrosinase on tyrosine in the presence of oxygen. One mode of 
trial then is the administration of the red substance appearing in a tyrosinase- 
tyrosine mixture. 

A suitable case of pernicious anemia presented itself before a purified 
preparation of tyrosinase could be made. However, the scarcity of suitable ex- 
perimental cases required its use, if only in a preliminary fashion. 

Preparation of the Mirture Containing the Quinone.—Following Raper’s 
outline in general, the ‘‘red substance’’ was freshly prepared each day as fol- 
lows: 100 ¢.c. of raw potato scrapings are diluted with 100 ¢.c. of phosphate 
buffer of pH 6.0. One gram of tyrosine is added to the mixture, and a stream of 
oxygen bubbled through for twenty or forty minutes. The mixture becomes 
lavender in color, which by centrifugation and decantation can be separated 
into a clear red liquid and a gray precipitate. The precipitate is again sus- 
pended in 100 ¢.c. of phosphate buffer of pH 6.0 and oxygenated for another 
half hour. After centrifugation, the supernatant liquid is decanted. The two 
portions of liquid represent the daily dose given to the patient. 

The patient tolerated the solution well for four days. On the fifth day the 
patient had diarrhea and complained of nausea. However, during the first 
four days the red material from 4 gm. of tyrosine had been retained. The 


treatment was stopped because of the laxative effect of the solution. 


*From the Department of Medicine, University of Chicago. 
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The reticulocyte response was fairly definite and quite characteristic in 
time of occurrence. The patient’s blood count was 1,020,000 R.B.C. with 2.8 
per cent reticulocytes on the first day. On the second day the reticulocyte 
percentage was 3.0; on the third, 3.0; on the fourth, 5.3; on the fifth, 6.0; on 
the sixth, 4.8; and on the eighth, the reticulocytes had decreased again to 1.5 
per cent. Obviously, the peak of the reticulocytic response was far below that 
predictable for this grade of anemia. Nevertheless, the characteristic time of the 
response, and the definite rise and fall of the number of reticulocytes parallel 
with the administration of the ‘‘red substance’’ strongly suggest that there 
had been a definite although rather weak stimulation of hematopoiesis. 
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A LASTING ACTIVE IMMUNITY AGAINST DIPHTHERIA 
OBTAINABLE WITH A SINGLE INJECTION OF 
ALUM-PRECIPITATED TOXOID ?* 


Henry W. Straus, M.D., Brookityn, N. Y. 


T IS unnecessary to reiterate the obvious advantages of the single injection- 

method in the active immunization against diphtheria. This method was 
made possible in my own use of sterile lanolin as a menstruum,* but more 
recently by the popular alum-precipitated toxoid. 

The question has been raised as to the relative immunizing power of one 
dose of alum-precipitated toxoid, and on a statistical basis with certain prep- 
arations in several different laboratories, the conclusion has been reached 
that the single injection of alum-precipitated toxoid is not sufficient to provide 
a sufficiently lasting immunity. 

Fitzgerald! finds a single dose of 1 ¢.c. of alum-precipitated toxoid (20 
Lf doses per c.c.) is decidedly inferior to 3 doses of the same material. He 
supports this statistical conclusion with the theoretical consideration that a 
second antigenic stimulus is required to secure the highest immunity response. 

This theoretical point seems not to be well taken because Farago* has 
recently shown that there is a maximal antigenic quantity of the toxoid ab- 
orbed daily from the depot of the single injection for a period of at least 


two weeks, with only a slight lessening at three weeks. Farago demonstrated 


*From the Department of Pediatrics and the Department of Applied Immunology, Jewish 
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this by transplanting the depot, at daily intervals, into the subcutaneous tissue 
of normal guinea pigs and observing the immunizing effect of the transplanted 
depot in the recipients. 

I present herewith a table showing the results of Schick tests and control 
tests carried out sixteen to eighteen months after the single injection of con- 
centrated alum-precipitated toxoid in a dose of 0.5 ¢.c.* 


TABLE I 


TABLE SHOWING RESULTS oF ScuicK TESTS FIFTEEN MontTus AFTER IMMUNIZATION WITH 
ONE INJECTION OF CONCENTRATED ALUM-PRECIPITATED ToOXoIp (LEDERLE), DOSE 0.5 c.c. 
SCHICK RESULTS ae RESULTS 

TESTED* 1935 —_— 1936 

ON SCHICK CONTROL ™ SCHICK CONTRO 
March 26, 1935 0 0 June 26, 1936 0 0 
March 30, 1935 0 0 June 18, 1936 0 0 
March 26, 1935 0 0 June 30, 1936 0 0 
April 2, 1985 ; 0 June 29, 1936 0 0 
March 23, 1935 0 0 June 18, 1936 () () 
Did not return June 26, 1936 0 0 
Mareh 26, 1935 June 18, 1936 0 0 
Mareh 23, 1935 June 26, 1936 0 0 
Mareh 25, 1935 June 18, 1936 n 0 
Mareh 253, 1935 June 18, 1936 0 
Mareh 30, 1935 June 26, 1956 0 
April 3, 1935 June 28, 1956 0 
March 28, 1935 June 26, 1936 } 0 
March 28, 1935 June 18, 1936 0) 0 
Mareh 27, 1935 June 18, 1936 0) 0) 
Did not return June 26, 1936 0 0) 
Mareh 27, 1935 June 18, 1936 0 0 
April 3, 1935 June 26, 1936 0 0 
April 3, 1935 June 26, 1936 0 0 
March 26, 1935 June 27, 1936 0 0 
March 26, 1935 June 27, 1936 0 () 
Did not return June 30, 1936 0) 0 
Mareh 27, 1935 June 18, 1936 0 0 
Mareh 27, 1935 June 18, 1936 0 0 
+ yP. Did not return June 26, 1936 0 0 
yr. March 27, 1935 0 June 18, 1936 0 0 
yr. March 27, 1935 0 June 18, 1956 0 0) 
April 2, 1935 0 June 26, 1936 0 0 
> Did not return June 20, 1936 0 0 
] " Mareh 30, 1935 0 June 19, 1936 0 0 
yr. Did not return June 19, 1936 0 0 
vr. April 2, 1935 0 June 19, 1936 0 0 


mo. March 26, 1935 0 June 18, 1936 : 0 


, 


] 
] 
12 


} yr. March 30, 1935 0 June 19, 1936 0 0 


» 
1 
l 
$ mo. Mareh 30, 1935 0 June 19, 1936 0 0 
» 
8 yr. Mareh 30, 1935 0 June 19, 1936 0 


*Immunizing injections had been given between the dates Dec. 5, 1934 and Jan. 29, 


There were no local or other reactions following these injections. 

It is seen that in the first tests carried out three months after the injection, 
2 of the 36 persons tested showed positive reactions. At the retests, twelve 
months later, 2 of the previously negative subjects showed mild reactions 
while 2 that had previously shown positive reactions were now negative. 

An additional 11 susceptible children immunized in another institution 
were all found to be Schick negative at the retest. Five of these were retested 
after eleven months, 6 of them after twenty-seven months. 


*This material was prepared by the Lederle Laboratories for commercial distribution. 
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Hach child in these two series received, in the single dose, 22 or 24 Lf 
doses. 
We summarize the foregoing results as follows: 
Number of Schick positive children 03 
Number treated with Concentrated Alum Toxoid (Lederle) 63 
Number re-Schicked after 11 to 27 months 17 
Number Schick negative 4 
Number Schick positive 3 


The striking superiority of the results described above over the previously 


reported results naturally suggests a question as to the importance of the 


method of preparation of the immunizing material, and it seems obvious that 
this question must be thoroughly investigated before a physician is advised 
to forego the great advantages of the single injection-method. 


SUMMARY 


Of 47 children who have received a single injection of concentrated alum 
toxoid (22 to 24 Lf doses), 44 (over 90 per cent) were found to be Schick 
negative after an interval of eleven to twenty-seven months. 

The question of a favorable method of preparation of this immunizing 
material is raised. 
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THE CONTROL OF RECTAL BLEEDING IN THE CONVALESCENT 
ULCERATIVE COLITIS PATIENT* 


WituiaMm Z. FrapKIN, M.D., Brookiyn, N. Y. 


 paperene mapa omypaneti in his book on Diseases of the Colon and Rectum, 
referring to the treatment of ulcerative colitis, states, ‘*The best solution 
which I have yet tried is one which I have been using lately, and consists of 
bismuth subgallate (5 per cent) in suspension in olive oil.’’ It is administered 
rectally. He also adds, **I have seen most spectacular results from this solution, 
the diarrhea being checked within twenty-four hours.’’ The results obtained 
with the kaolin-aluminum hydroxide mixture and reported in this paper are 
equally as spectacular in many of the cases. 

The continued presence of blood in the stools of a convalescent, ulcerative 
colitis patient, presents an important therapeutic problem. The severe degree 
of anemia found in most of these patients is mainly due to the chronic loss of 
blood with the frequent rectal discharges. All efforts to raise the hemoglobin 
are, therefore, doomed to failure unless the bleeding, as well as the number of 
bowel movements, is controlled. 

On sigmoidoscopic examination, petechial hemorrhagic areas are noted 
which ooze blood on the slightest trauma. Small superficial ulcerations are also 


present which bleed readily during active peristalsis or defecation. Most of 
these lesions are in the distal end of the colon, and the stools passed are mixed 


with bright red blood. 

In order to heal these lesions, antiseptic irrigations, astringent solutions, 
insufflations of bismuth and calomel, or suspensions of kaolin have been used 
and have given unsatisfactory results. A suspension of kaolin in aluminum 
hydroxide gel was then tried. This was given orally four and five times daily 
in tablespoonful doses. Although the results were better, the frequent adminis- 
tration of large doses of the mixture interfered with the digestion of the patient, 
and had to be discontinued. 

The thought therefore came to mind of administering a similar mixture per 
rectum. This method would have the advantages of placing the medicament in 
immediate contact with the lesions, and eliminating the digestive disturbances. 
Mineral oil was incorporated in the mixture in order to avoid the formation 
of hard feeal concretions which might irritate the inflamed mucous membrane. 
The final mixture consisted of 20 per cent kaolin, 10 per cent mineral oil, and 70 
per cent of a gel of aluminum hydroxide, equivalent to 214 per cent of Ale(OH)«. 
The results of treatment with this mixture were strikingly beneficial. The bleed- 
ing stopped while the number of bowel movements decreased. 

Purified kaolin, when suspended in aluminum hydroxide gel, is a white, 
viscous cream. It is odorless, tasteless, somewhat astringent, neutral in reaction, 

*From the Department of Gastroenterology, Jewish Hospital of Brooklyn, 
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and evolves no gas in vivo or vitro. It has great adsorptive properties, and when 
mixed with feces in vitro, the color, odor, toxins, acid, and almost 100 per cent 
of the bacteria are removed, leaving a clear supernatant fluid. 

The toxicity of this mixture, when administered per rectum in large quan- 
tities, was determined experimentally in animals by M. R. Thompson, Professor 
of Pharmacology of the University of Maryland. Six dogs and six cats were 
injected daily with this mixture for a period of thirty days. The dosage per 
day was predetermined for each animal by noting the volume of fluid necessary 
to fill the colon, not exceeding the amount which could be easily retained. As 
controls, six dogs and six cats similarly received rectal injections of tap water. 
The animals were weighed three times a week, and observed daily. The appear- 
ance of the stools was noted. These studies revealed no toxie effects upon the 
animals. 

Following these experiments, the mixture was tried on patients convalescing 
from acute attacks of ulcerative colitis who continued to show blood-streaked 
stools. The quantity of fluid to be administered rectally was determined with 
the aid of a fluorosecope in six patients. The average capacity of the ‘‘eon- 


TABLE I 


EFFECT OF MIXTURE UPON 26 ULCERATIVE COLITIS PATIENTS 


AND 


va 
= 
et 


EX 


SIGMOIDOSCOPIC 


RESULTS 


a 
“ 
= 


TREATMENTS 


ILLNESS 
DIAGNOSIS" 
NUMBER OF 
NUMBER OF 
RELAPSES 
CLINICAL 


Good 
None Good 
None Good 
None Very good 
None Good 
None Very good 
l Good 
2 Fair 
2 Good 
None Good 
] Good 
None Good 
None Very good 
2 Fair 
None Good 
None Very good 
None Very good 
None Good 
None Very good 
sR. } , i .. None Very good 
. M. ; ; 3. om y 1 Good 
Poor (mental 
» F. ‘ 5. .D. , 3 case ) 
EF. B. 3: 2: y 3 ¢ None Good 
S. K. F , , A, 8 None Good 
M. O. M 2% 2. @ 10 1 Good 
S. W. M { a a. 10 None Good 


*Code to abbreviations: 


SS 


Bee Se OS SS 
= 2 44 


3.D., Bacillary dysentery B.S., Bargen diplostreptococcus infection 
\., Amebic dysentery P., Paratyphoid B. bacillus infection. 

\. & B., Amebic and bacillary dysentery Undetermined etiology 

-- Nonhemolytic streptococcus infection . 
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valescent colon’’ was about 16 ounces. Since the lesions are found in the distal 
half of the colon, it was decided that a 10-ounce mixture would be ample for 
one treatment. When a patient passed three or more stools per twenty-four 
hours, the medication was administered without a preliminary saline irrigation. 
Otherwise, a small, low saline enema was given about two hours before taking 
the treatment, to permit the medication to come into immediate contact with the 
lesions. Six ounces of the mixture was diluted with four ounces of warm water. 
The treatments were carried out three times weekly, and then gradually reduced 
to once a week, as improvement was noted. The mixture was instilled slowly, 
taking fifteen to twenty minutes for the procedure. The first and second rectal 
injections were usually not retained for more than one-half hour. As the treat- 
ments progressed, the patients were able to retain the medication overnight 
for eight to ten hours. The first stool following a treatment was soft, or formed, 
and resembled the color of the medication. The blood streaks disappeared after 
the third or fourth week. In a few eases only four or six treatments were neces- 


sary. When blood streaking recurred, one or two weeks of treatments readily 


controlled it. 

Twenty-six patients convalescing from acute attacks of ulcerative colitis 
were treated rectally in the manner outlined. There were fifteen bacillary 
dysentery infections, one amebie infection, one double infection with EL. 
histolytica and dysentery bacilli, two paratyphoid infections, three Bargen 
diplostreptococcic infections, and three infections with nonhemolytie strepto- 
cocci. One case was of undetermined etiology. The diagnosis of bacillary 
dysentery was based on positive cultures or positive agglutination tests in high 
dilutions. These patients had been treated in the acute stages with intravenous 
medication, antidysenteric polyvalent serum, autogenous vaccines, or drugs, 
depending upon the bacteriologie findings. Because of the continued presence 
of specks and streaks of blood in their stools, associated with mild lesions found 
sigmoidoscopically, treatments with the above mixture were instituted. 

The average number of treatments which were necessary to control the pas- 
sage of blood-streaked stools was 11.4. The average number of weeks required 
for treatments was 7.7. Nine patients had a total of fifteen relapses during a 
period of nineteen months. Seventeen patients had no relapses during the same 
period. In most of the eases, treatments were continued for more than six 
weeks, although the bleeding was controlled within the third or fourth week. 
Sigmoidosecopiec examinations were repeated as soon as the patients reported no 
visible blood in the stools. These observations in the majority of cases revealed 
clean, reddened, granular mucous membranes with only occasional superficial 
uleerations which oozed slightly on manipulation. After further treatments, 
these lesions healed promptly leaving a pale, pink, granular mucosa. 


CONCLUSIONS 
1. This therapy is not a cure for ulcerative colitis. 
2. It must not be used in the acute stages of the disease. 


3. It must supplement or follow specifie therapy whether in the form ot 
drugs, serum, or vaccines. 
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4. This therapy is indicated only in the convalescent patient whose stools 
continue to be streaked with blood. 

5. Coincidentally, the number of stools decrease from six or seven, to one 
or two in twenty-four hours. 

6. The mucous membrane of the rectosigmoid shows definite progressive 
improvement, and finally, healing, as observed sigmoidosecopically before, during, 
and after treatment. 

The author is indebted to John Wyeth and brother, of Philadelphia, for their technical 
assistance. 


955 EASTERN PARKWAY 


CHORIOANGIOFIBROMA OF THE PLACENTA* 
Report OF A CASE 


B. W. Ruamy, M.D., F.A.S.C.P., Fort Wayne, INp. 


MONG the curious anomalies of nature are tumors of the placenta, the 
common variety being the hydatid mole. Chorionepitheliomas, the malig- 
nant form, although rare are also met with in every pathologist’s experience. 
Considerable speculation exists as to the etiology of tumors of the placenta, some 
even denying the possibility of placental tumors. Others believe syphilitic 
placentitis to be the etiologic factor, while others believe blood stasis from kinks, 
ete., produces angiomatous dilatations simulating newgrowths. Gradually, how- 
ever, as evidence is forthcoming, it is being recognized that there is still another 
form of benign tumor of the placenta of unknown etiology in which there occurs 
capillary angiomas of the villi, with a richly cellular embryonic connective 
tissue, which have been ealled by Dienst ‘‘allontagenous-myxofibrocapillary 
angiomas of the chorion.’’ According to the literature, John Clarks in 1798 was 
the first to report a solid tumor of the placenta the size of an apple, and contain- 
ing epithelium, blood vessels and connective tissue. R. 8. Siddall of the Ob- 
stetric Department of Henry Ford Hospital (Am. J. Obst. & Gynec. 8: 554, 
1924), collected from the literature and records 131 cases of the extremely rare 
chorioangiofibroma of the placenta. Nothing unusual is observed in the 


maternal history in these eases, except an increased risk from hemorrhage. On 
the part of the fetus, due to hydramnios, and prematurity, a mortality of 37.6 


per cent to 41.0 per cent has been observed. 

Chorioangiofibromas are of variable size and consistency and so far as 
our present knowledge goes, are benign. These tumors range in size from a 
grain of wheat to the size of an apple. They are sharply circumscribed and 
may be single or multiple; as many as 4 to 6 separate growths have been 
described. Their capsule is made up of compressed villi, and are connected 


*Reported at Methodist Hospital Staff Conference, Sept. 6, 1935. 
Received for publication, October 6, 1936. 
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to the placenta by blood vessels. Clinically according to Curtis (Obstetrics and 
Gynecology, vol. 1), they have little or no effect on the mother or on the 
course of pregnancy and labor except that in the presence of large tumors 














placenta at cord attachment. 














Fig. 2.—Cross-section through largest tumor. Note multiple small tumors deep in placental 
substance, 


hydramnion, with its high fetal mortality, due to immature labor, is almost the 
rule, and during the third stage of labor there may be excessive hemorrhage as 
the result of deficient uterine contractions. 





RHAMY: CHORIOANGIOFIBROMA OF PLACENTA 


CASE REPORT 


Mrs. R. A., aged twenty-eight years, delivered Aug. 1, 1934, of a normal 


baby girl, a normal pregnancy and delivery. Began menstruation again in 
November, 1934. Next pregnancy estimated to have taken place Jan. 27, 1935, 
and date of confinement estimated to be Noy. 4, 1985. On Sept. 28, 1935, Dr. 
Doster Buckner made a normal delivery of baby and placenta. It was ap- 
parently a full-term gestation and a normal baby, and there had been nothing 
abnormal about the gestation. Several loculated nodules were, however, noted 
on the placenta, and it was sent to the laboratory for examination. This was 








Fig. 3.—Low power. Junction between placenta and tumor. Note thin capsule and density of 
this tumor area. 


a normal presentation, and there was no hydramnios nor hemorrhage. Urine 
showed no pathology and syphilitic stigmas were absent. 


DESCRIPTION OF PLACENTA AND TUMOR 


The placenta was irregularly ovoid in shape, with the cord inserted 
‘concentrically, 5.5 em. from the placental margin. After being hardened in 
formalin the placenta weighed 750 gm. (25 o0z.), measured 18 by 14 em. across 
and 4 to 5 em. in thickness. About 2 em. from the cord were seen 8 irregular 
solid nodules easily enneleated and having the smoothness, color, and consistency 
of kidney substance. These nodules were covered by a more or less fibrous 
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chorio-amniotie capsule containing numerous blood vessels and easily separated 
from the nodules. There were several large nodules; one measured 5 by 3.5 
by 2.5 em. and looked like a small kidney. Another was double, a smaller nodule 
growing out from the larger one. The under one measured 5.5 em. across, and 
the two protruded out from the placenta 5 em. The largest nodule is a hemi- 


sphere 4.5 em. in diameter, including its capsule, pearly white to pink in color, 


pierced by cavernous blood vessels and extending through and protruding 


from both sides of the placenta. This round nodule is covered by a thick capsule 
of chorion and over the top of the nodule in the capsule runs a large blood 
vessel from the cord. Besides these 8 large protruding nodules there are numer- 








Fig. 4.—High power. Dark colored angiomatous area with many small and dilated capillaries. 


ous small pinkish white nodules 0.5 to 1.5 em. in diameter, more intimately 
associated with the placental substance, some of them being deep in the substance 
of the placenta. 
MICROSCOPIC EXAMINATION 

These tumors are separated from the placenta proper by a thick coat of 
compressed syncytium or Langhans’ cells. The mass is composed of fibrous tissue 
in which are nests of capillaries of large and small diameter, lined with single 
layers of epithelium. Upon the relative proportions of cells to vessels in different 
masses depends the consistency and color which varies from pinkish white to 
dark brown. The connective tissue is loosely areolar and consists of spider 
connective tissue cells. In the pinkish white areas, the connective tissue stroma 
is quite dense. 





BLOOD LIPID STUDIES IN A CASE OF XANTHOMATOSIS 
ASSOCIATED WITH HEPATIC DAMAGE* 


ALFRED CHANUTIN, PH.D., AND STEPHAN LupEew1aG, Pu.D., CHARLOTTESVILLE, VA. 


HE etiology of xanthomatosis is poorly understood, but it is generally 

recognized that this condition is associated primarily with a disturbance 
in lipid metabolism. Rowland’ has pointed out that xanthomatosis may be 
associated with hepatic damage and an accompanying disturbance in lipid 
metabolism. It has been shown in experimental animals that the liver is the 
only organ in which the feeding of diets rich in cholesterol produces an increased 
concentration of cholesterol ester and neutral fat.2.* Best and coworkers* have 
demonstrated that both choline and betaine would prevent fat deposition in the 
livers of normal animals fed diets with high fat or high cholesterol content. 
From ¢linieal observations alone, Bloch’ believes that the liver is the regulator 
of lipid metabolism and, therefore, that any disturbance in its function may be 
the cause of lipid imbalance. 

The therapeutic procedures followed in xanthomatosis have been unsatis- 
factory principally beeause the pathologie physiology is not clear. Since the 
majority of cases of xanthomatosis have an hypercholesteremia, cholesterol 
poor diets have been fed. The blood cholesterol has been reduced and the lesions 


have disappeared in some eases,” * but in others there has been no eftect.® 


Thyroid extract has been recommended® on the basis of the lowered blood 


cholesterol values obtained in hyperthyroidism. Insulin has also been found 
to reduce hypercholesteremia temporarily.'? The use of other tissue extracts 
has not been reported. 

In the present ease of xanthomatosis following hepatic damage, neither 
the amount nor the ratio of the lipid constituents of the blood nor the clinical 
condition of the patient was appreciably changed after the ingestion of a ‘‘fat- 
free’’ diet supplemented in succession by betaine, choline, thyroid extract, liver 
extract, and insulin. 

CLINICAL REPORT OF CASE 

R. E. H., an American, male, shoemaker, aged forty, was admitted to the University 
of Virginia Hospital on May 14, 1934, complaining of painful nodules on the palmar surfaces 
of his hands and of similar lesions on his body. The patient had been essentially healthy 
until five years before admission, when he noted a penile lesion which his physician did not 
consider syphilitic. However, when a generalized body eruption occurred four months later, 
the physician began antisyphilitie therapy without waiting for the Wassermann report, which 
later proved to be negative. In spite of three additional negative tests, six doses of arsphen- 
amine were administered intravenously. During the course of treatment, the patient ‘‘ turned 
yvellow’’ with highly colored urine, light-colored stools and itching, which was followed by an 
exfoliation of the skin of the entire body. At this time the patient was given twelve injections 
of sodium thiosulphate. The exfoliation gradually disappeared but the yellow discoloration 

*From the Laboratory of Physiological Chemistry, the University of Virginia. 

Received for publication, October 21, 1936. , 
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Lesions on hands. 


Fig. 2.—Lesions on arms. 
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continued. It was not until about two years before admission that he noticed an increasing 
number of yellowish nodules on his hands. Within the next few months, similar nodules 
appeared on other parts of the body. 

Physical examination showed the patient to be fairly well developed and nourished. 


There was a definite icteric tinge of his sclerae and skin. Many firm yellowish nodules, 














Lesions on buttocks. 








Fig. 4.—Lesions on testes. 


varying from 1 mm. to several centimeters in diameter, were visible. These xanthomas were 
most abundant on the hands, eyelids, elbows, knees, scrotum, and buttocks. A smooth tender 


liver edge was felt 12 em. below the costal margin. The spleen was palpable and moderately 


enlarged. Additional abnormalities noted were a soft blowing systolic murmur at the apex 
of the heart, an easily reducible right inguinal hernia, and an absence of the biceps, patellar 
and ankle reflexes. 
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The highly colored urine gave a positive test for bile pigment but was otherwise 
essentially normal. The icterus index was recorded as 25 and 30 on two occasions. The direct 
and indirect van den Bergh tests were strongly positive. There was a 40 per cent retention 
of bromsulphthalein at the end of thirty minutes and 20 per cent at the end of an hour. 
The blood urea was 38 mg. per cent and the fasting blood sugar was 111 mg. per cent. A 
glucose tolerance test was normal. The blood ealeium was 9.8 mg. per cent and the blood 
phosphorus was 4.4 mg. per cent. There were 8,400,000 red blood cells and 8,400 white blood 
cells. The blood smear was normal, The reticulocytes were 0.3 per cent. There was no ab 
normal fragility of red blood cells. The basal metabolism was normal. The cholecystogram 
showed a poor gallbladder shadow. Roentgenograms showed several well-circumsecribed areas 
of rarefaction in the occipital region of the skull, the largest of which measured 0.5 em. in its 
greatest diameter. 

The patient was on a routine hospital diet from May 14 to May 19 and was then 
restricted to a diet free of butter, eggs, whole milk, cream, fried foods, liver, mayonnaise, and 
nuts. He was allowed fruits, vegetables, salads with vegetable oil dressing, lean meat, bread, 
jam, coffee, tea, and skimmed milk. This diet was continued during the remainder of his 
period of hospital observation. Ferric ammonium citrate was given daily and sodium amytal, 
veronal, codeine, or luminal when necessary for insomnia. He was allowed to take mild 
exercise, 

Five grams of betaine hydrochloride (Eastman) was given daily from June 27 to July 
7. It was discontinued for one week and given again in 10 gm. doses daiy from July 15 to 
August 8. This was followed by a period free of medication until August 24; choline hydro 
chloride (Eastman) in 2.5 gm. doses was given twice daily until September 18, when this 


substance had to be discontinued because of its nauseating effect. On October 23 thyroid 


extract was begun; 4 gr. were given for three days, 2 gr. for eleven days and 38 gr. for ten 


days, the last dose being given on November 16. From November 23 to January 15, two 
tablespoonfuls of concentrated aqueous liver extract (Valentine) were given daily. The liver 
extract was supplemented then by 50 units of insulin daily for eleven days and by 45 units 
daily for eleven more days, to February 5. The liver extract was continued until his discharge 
on May 15, 1935. The patient was extremely cooperative with his diet and general medical 
routine. 

After discharge the patient was allowed to return to unsupervised dietary regime. On 
Sept. 25, 1935, he returned by request for observation. His clinical condition was worse. 
Physical examination showed the presence of fluid in the abdominal cavity, and an enlarged 
nodular liver. The total plasma protein was 6.58 gm. per cent and the albumin:globulin ratio 
was 1.27. 

On April 4, 1956, the patient returned again and 3,000 c.c. of ascitie fluid were ob 
tained by abdominal paracentesis. The liver was found to be smaller, harder, and more 
nodular. The xanthomatous lesions were definitely smaller and many had disappeared. The 
total protein of the blood plasma was 6.70 gm, per cent, albumin: globulin ratio was 1:1. 
The fibrinogen was 0.44 gm. per cent. The nonprotein nitrogen of the blood was 21 mg. per 
100 ¢.c. and the nonprotein nitrogen of the ascitic fluid was 22 mg. per 100 e.e. 

The patient died at home on May 20, 1956, after an acute illness of about twenty-four 
hours. The details of the terminal stages could not be ascertained and permission for 


necropsy Was not obtained. 
CHEMICAL STUDIES OF CASE* 
Blood Cholesterol.—The changes in concentration of total. free and eom- 
bined cholesterol with respect to diet and medications are shown in Fig. 5. It is 
seen that the esterified cholesterol is either absent or present in small quantities 


throughout the experiment. The highest value for total cholesterol (1480 mg. 


*Procedures: Blood lipid analyses were done on oxalated blood obtained after eighteen 
hours of fasting. The free and total cholesterol and the total fatty acids were determined by 
the oxidative method of Bioor™ with modifications by Okey" and Yasuda.™ The lipid phosphorus 
was determined according to the procedure recommended by Man and Peters.“ The xanthoma- 
tous tissue was extracted by the method of Osata and Heki.“™ The calculations for the phos- 
phatids, esterified cholesterol, cholesterol esters, neutral fat and total lipid were done according 
to Boyd’** and Page and associates.” 
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per cent) was obtained during the preliminary period and the concentration 
dropped to 907 mg. per cent within a relatively short time. After the adminis- 
tration of betaine, the lowest value obtained was 632 mg. per cent. It is believed 
that this low value represents a continued preliminary decrease due to the 
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5.—The effect of diet and medication on the cholesterol concentration in the blood plasma. 
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Fig. 6.—Relation between free cholesterol and phosphatid phosphorus. 


‘fat-free’’ diet, since further administration of betaine was accompanied by an 
increase in cholesterol concentration. The highest value obtained after the pre- 
liminary period was 1210 mg. per cent when thyroid extract was given. The 
lowest value for the free cholesterol (545 mg. per cent) was seen when the pa- 
tient was receiving liver extract supplemented with insulin. 
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After four months of an unsupervised dietary regime (Sept. 23, 1935), the 
total and free cholesterol concentrations* were found to be 860 and 650 mg. 
per cent, respectively. About six months later (April 4, 1936) the total and 
free blood cholesterol concentrations* were 500 and 270 mg. per cent, respec- 
tively. The total and free cholesterol concentrations of the ascitic fluid present 
at this time were found to be 13.6 and 7.4 mg. per cent, respectively. It is in- 
teresting to note that the cholesterol esters were 46 per cent of the total in both 
blood plasma and ascitie fluid. 

TABLE I 


PERCENTAGE COMPOSITION OF BLOOD PLASMA LIPIDS 


FREE CHOLESTEROL NEUTRAL TOTAL 








CHOLESTEROL ESTERS sacs aenaaea FAT LIPID NOTES 
% % ad % MG. % 
31 2 62 5 Control 
26 1] 50 13 Control 
26 16 56 » Betaine 5 gm. 
26 0 65 ie) 2405 Betaine 5 gm. 
30 6 62 2 2281 Control 
28 6 59 7 2675 Betaine 10 gm. 
26 4 57 is 3077 Betaine 10 gm. 
25 5 a0 17 ,080 Betaine 10 gm. 
28 3 63 6 3092 Betaine 10 gm. 
30 5 64 ] 2918 Betaine 10 gm. 
3 4 61 4 2642 Betaine 10 gm. 
29 a) 64 2 3072 Betaine 10 gm. 
27 7 51 15 3107 Betaine 10 gm. 
37 10 60 3 3109 Betaine 10 gm. 
27 0 53 20 3174 Betaine 10 gm. 
30 3 54 1S 3073 Betaine 10 gm. 
33 l 59 7 2755 Control 
26 1] 59 t 3172 Control 
29 7 58 6 2667 Choline 5 gm. 
25 11 56 8 2999 Choline 5 gm. 
23 7 51 If 3302 Choline 5 gm. 
24 6 57 13 3175 Choline 5 gm. 
27 5 55 13 3154 Choline 5 gm. 
29 Fs) 62 t 2625 Choline 5 gm. 
29 6 64 l 2697 Choline 5 gm. 
32 5 62 ] 2694 Control 
31 3 63 3 2481 Control 
29 6 61 } 3022 Control 
30 4 62 } S087 Thyroid 
30 4 63 3 3024 Thyroid 
29 8 61 2 3588 Thyroid 
27 7 62 } 3760 Thyroid 
30 5 59 6 3010 Control 
30 5 64 | 2837 Liver extract 
30 sg 59 6 272 Liver extract 
29 ; 64 } 3059 Liver extract 
26 5 56 3 2848 Liver extract 
30 2 59 9 2592 Liver extract 
27 ] 55 17 2662 Liver extract 4 
27 4 58 1] 2301 Insulin 
23 10 57 10 2369 Insulin 
24 8 58 10 2539 Insulin 
27 12 60 l 2797 Liver extract 
31 1 60 S 2957 Liver extract 
27 3 57 13 2956 Liver extract 
8 33 33 26 592 Normal values 

according to 


Boyd16 





*These determinations were made by the method of Schoenheimer and Sperry.™ 
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Phosphatid Phosphorus.—The values for phosphatid phosphorus varied 
between 51 and 99 mg. per cent during the course of the observations. These 
amounts may be as much as ten times the normal values. The relationship of 
free cholesterol to phosphatid phosphorus is shown in Fig. 6. It can be seen 
that there is a good parallelism between these substances. 

Partition of the Total Plasma Lipids—tThe lipid partition in 45 complete 
analyses is presented in Table I. The small percentages of cholesterol esters are 
in accordance with the findings of Epstein’? who showed that cholesterol esters 
decreased in direct proportion to the severity of the damage in degenerating 
livers. The phosphatids comprised about 60 per cent of the total lipids. The 
percentages of free cholesterol and cholesterol esters and phosphatids remained 
fairly constant despite wide fluctuations in total lipids. It ean be seen that the 
concentration of the total lipids was from four to six times the normal values. 

Analysis of Xanthoma.—One of the xanthomatous lesions, removed from 
the elbow and stripped of skin and connective tissue, weighed 0.625 gm. The 
following values on the basis of wet weight were obtained : 

Total cholesterol 6.28 per cent 
Free cholesterol 1.85 per cent 
Phosphatid P 0.12 per cent 
Total fatty acid 14.60 per cent 
Neutral fat .26 per cent 

Cholesterol Esterase-—Sperry*® has demonstrated that this enzyme in the 
blood is capable of esterifying the free cholesterol of the blood after incubation. 
In normal individuals the percentage of the free cholesterol of the blood which 
was esterified varied from 29 to 84 per cent. Two samples of the patient’s blood 
plasma were analyzed* (Sept. 23 and 25, 1935) for cholesterol esterase and the 
results obtained were 9 and 17 per cent esterification, respectively. Although 
these values are significantly lower than normal, the absolute amount of free 
cholesterol esterified is quite large because of the high initial concentration of 
cholesterol. 

DISCUSSION 

This case is of particular interest because toxic hepatitis with jaundice ap- 
peared to be responsible for the lipid imbalance associated with xanthromatosis. 
Bloch® has postulated that xanthomatosis is due to a disturbance in the equi- 
librium of the blood lipids resulting in their precipitation rather than to hyper- 
cholesteremia per se. In the present case there is not only marked lipid im- 
alanee but also an hypercholesteremia. 

Marked liver damage was suggested by the small amount of blood cholesterol 
sters present during the period of hospitalization. Shortly before death when 
he liver damage appeared to be greatest, there was a marked increase in the per- 
‘tage of the cholesterol esters together with a moderate drop in the concentra- 

tion of the total cholesterol. In addition, this was accompanied by the disappear- 
nee and softening of many of the lesions. Under these conditions the réle of 


cholesterol is problematical. 


*We are indebted to Dr. W. M. Sperry of the Babies Hospital, New York City, for his 
‘indness in analyzing these blood samples by his special method.” 
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The therapeutic measures attempted in this case were based on evidence 
presented in the literature. The initial response to the feeding of a ‘‘fat-free’’ 
diet, for which excellent results have been reported, was a marked drop in all the 
lipid constituents. After a basal level was thought to have been reached, betaine 
and choline were administered since Best showed that these substances could 
prevent the formation of fatty livers under certain conditions. There was a 
marked drop in the lipid constituents when betaine was first given but in view 
of subsequent analyses it is thought that this decrease was due to the effeets of 
the ‘‘fat-free‘‘ diet. Continued administration of these drugs produeed no 
marked change from an established basal level. Recently, Rabinowitch?' re- 
ported that the blood cholesterol of diabeties was not significantly affected after 
betaine administration. However, this worker believed that carbohydrate toler- 
ance was improved and that liver function paralleled this improvement. 

Hurxthal and Hunt® have suggested that thyroid extract might have a favor- 
able influence upon the absorption of the lesions of xanthomatosis, since it has 
been found that hypocholesteremia accompanies hyperthyroidism. The adminis- 
tration of thyroid extract in this ease resulted in a marked increase in all the 
lipid constituents which seems to contradict Hurxthal’s suggestion. The liver in 
this patient was probably damaged still further by the administered thyroid 
extract since the liver may show fatty changes and necrosis in exophthalmic 
voiter.** 

Liver extract was given with the hope that some missing factor might be 
supplied to the damaged liver, but it was found to be ineffective. Insulin was 


injected to supplement the liver extract because of the remote possibility that 


it might affect the glycogen storage in the liver and thus indirectly aid lipid 


metabolism, but this therapy was not effective. 

Xanthomatosis appears to be a condition arising from a number of different 
causes and has been noted in patients with and without definite metabolic dis- 
orders. Pathologie studies of the gross and microscopic picture have been ex- 
haustive in this field, but comparatively little has been contributed to the funda- 
mental understanding of this problem. The chemical studies in these cases have 
thus far yielded the most promising results for an understanding of the etiology 
of xanthomatosis, but they have been limited in scope. It is believed that future 
studies should emphasize the metabolic picture as thoroughly as possible if the 
problem is to be understood. 


SUMMARY 


A ease of xanthomatosis with marked lipid disturbance, following arseniecal 
hepatitis, is deseribed. 

The lipid partition of the blood plasma lipids was characterized by extreme 
reduction of cholesterol esters, marked reduction of neutral fat and markedly in- 
creased free cholesterol, phosphatids, and total lipids. 

Treatment with a ‘‘fat-free’’ diet was effective in causing a moderate re- 
duction of the lipid constituents without affecting the clinical condition of the 
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patient. The administration of betaine hydrochloride, choline hydrochloride, 


thyroid extract, liver extract, and insulin had little significant effect. 


The authors are indebted to Drs. S. D. Blackford, H. B. Mulholland and D. C. Smith 
for their clinical observations in this case. 
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FURTHER STUDIES ON ORAL IMMUNIZATION TO COLDS* 


GEORGE E. Rockwe.u, M.A., M.D., Anp Herman C. Van Kirk, M.Sc., 
CINCINNATI, Ouro, AND H. M. Powe, Sc.D., INDIANAPOLIS, IND. 


N RECENT years the various studies on ‘‘cold virus’! have popularized 

the belief that colds are caused altogether by an ultra-microscopie virus. 
Hence, it is but natural that attempts should be made to prevent colds by 
immunization to this virus. But all attempts at either human or animal im- 
munization have met with very little suecess. This failure may be accounted 


for by three factors: the weak antigenic power of the cold virus; the probability 


that it is not responsible for all colds; and, finally, the possibility, by analogy 
with influenza virus as suggested by Wilson Smith,? that, instead of the virus 
paving the way for the secondary invader, it actually rides in on the wave of 
baeterial infection. 


‘. 


The complex condition referred to as a ‘‘cold’* or ‘‘upper respiratory in- 
fection’’ is far from a clinical entity. Realization of this is forced upon us 
when we consider the innumerable factors which play a role in bringing this 
condition about. Among them may be mentioned infections, allergic reactions, 
virus, diet, vitamins, fatigue, oxygen uptake and capacity, temperature changes, 
humidity, and distant foci of infection which drain the vitality of the body. 

Whether or not the bacterial infection is primary, it still remains the factor 
which causes the severe illnesses and complications. Hence, any method which 
will prevent the bacterial respiratory infections is bound to be rewarded with 
a reasonable amount of suecess. Attempts have been made in the past to im- 
munize against bacteria infecting the respiratory tract, but all such attempts 
encountered two obstacles which they were not able to overcome. The first was 
the fact that such a large number of bacterial species, such as the pneumococci 
(32 or more distinct types), H. influenzae, streptococci, M. catarrhalis, staphylo- 
eoeci, and many others, infect the respiratory tract, that type specific immuniza- 
tion necessitated the use of a mixture of so many different types of antigens 
that none of them could be effective. 

The second obstacle was that such types of low-grade immunity are very 
short-lived, and hence necessitate almost continuous immunization during the 
year. The hypodermic method of administration made this a tedious and ex- 
pensive procedure. 

The discovery that pneumococci, some strains of streptococci, M. catarrhalis, 
H. influenzae (smooth strains), and B. mucosus capsulatus contain heterophile 
antigen,*® together with the observation that heterophile antibodies confer demon- 
strable protection against pneumococcice infections,* paved the way for the use 
of a single broad antigen (heterophile) which gave promise to the widest im- 


*From the Department of Bacteriology of the University of Cincinnati and Lilly Research 
Laboratories, Indianapolis. 
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munization against the majority of the bacteria which infect the respiratory 
tract. Heterophile or Forssman antigen is widely distributed, apparently in 
rather a promiscuous fashion, among animals, plants, and bacteria. Its proper- 
ties, in general, are uniform regardless of its source. Injection into rabbits 
excites the production of sheep cell hemolysins. Within certain limitations it 
possesses combining and absorptive properties not only for its homologous, but 
also for heterologous Forssman antibodies. The antigen is heat stable. Chem- 
ically it is a combination of lipoid and protein. In some instances a carbo- 
hydrate may also be present.* 

The observations that heterophile antigen could be given orally,’ that rabbits 
immunized orally with a pneumococcus vaccine were protected against pneumo- 
coccus pneumonia and septicemia when produced by intratracheal injection,® 
and that oral immunization to typhoid is successful, suggested that the oral 
administration of heterophile antigen would simplify immunization and make 
possible the frequent administration which is absolutely essential for success. 

That antigens made from respiratory organisms are absorbed when given 
orally has been further substantiated by the work of Ross.’ He has shown that 
specific type antibodies are found in the blood of human beings who have been 
immunized to pneumococci orally, and also of rats, and that the rats are pro- 
tected against lethal doses of virulent pneumococci. 

Heterophile antigen, thus, offered a solution to the two obstacles that were 
not overcome in all previous studies of this nature. In it we have a single 
broad antigen that can be given orally, which makes frequent administration 
practical. 

Such heterophile vaccine, made from a single strain of pneumococcus which 
was mostly rough ‘‘DR-1,’’ was tried in a limited way during the winter of 1932 
and 1933 by one of us (H. M. P.). We then improved the vaccine and ad- 
ministered it to a large group of persons during the winter of 1933 and 1934. 
The vaccine was further improved and during the winter of 1934 and 1935 was 
given to another large group.® These studies showed a decrease in the incidence 
of colds among those taking the vaecine, of approximately 45 per cent. 

These reports have been at least partially verified by the work of the 


Thomsons,!” 


who report the prevention of colds by oral administration of 
respiratory vaccine. However, these investigators apparently attribute their 
success to type specific antibodies. They probably also obtained heterophile 
antibody response, and we believe this may account for at least part of their 
success. 

Aside from these favorable reports there was at least one unfavorable 
criticism of the work.’' In this review of our work it was stated, ‘‘the group 
taken as controls had, in all instances previous to the experiment, a lower 
average number of colds than the vaccinated group’’; and that there are many 
lisadvantages attached to the use of oral vaecine, ‘‘most of which are obvious,’’ 
without specifically pointing out a single one. In one of the original articles 


detailed information is given showing the number of colds suffered by each 


*For a review of heterophile antigen and antibody see The Newer Knowledge of Bac- 
teriology and Immunology, The University of Chicago press, 1928. 
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of the experimental groups, and by each of the controls, in the previous three 
years and during the experimental years. For the sake of a fair comparison, 
these were divided into subgroups of experimentals and controls having the 
Same average number of colds per year previous to the experimental year. How- 
ever, the total average number of colds per year in the past was less when the 
entire control group was combined as compared to the experimental group. 
This could not be avoided, because in taking such a group as the employees of 
one company, volunteers had to be solicited, and naturally those who were the 
severest sufferers from colds were the ones to volunteer. In order to have our 
controls working under the same conditions it was necessary to take the other 
employees as controls. But during the experimental year, other factors being 
equal, one would expect, if the vaecine were ineffective, that the controls would 
have fewer colds than the experimental group. Instead, the experimental group 
had many less colds than the control group, 40.6 per cent less for the winter 
of 1933 and 1934 and 35.2 per cent less for the winter of 1934 and 1935. These 
figures compare favorably with those arrived at by the method of calculation 
used in previous reports. 

It is questionable if there are any serious objections to the oral administra 
tion of a respiratory vaccine. Any objections that might be valid are far over- 
shadowed by the many advantages of this method, some of which are: ease of 
administration, making practical frequent administration, absence of sensitiza- 
tion of the individual, nonproduction of a negative phase,'? a lower cost of 
vaccination, and the simplicity and low cost combining to eneourage mass 
immunization with all of its benefits. 

The experiments on animal protection,’® and the studies on 191 patients 
which show a very definite relation between the patients’ development of 
heterophile immunity and their incidence of colds'* is further proof of the 
effectiveness and value of oral immunization with a respiratory vaccine high 
in heterophile antigen. 

During the winter of 1935 and 1936, we again gave the vaccine to a group 
of patients and observed another group for controls. These groups consisted 
of 100 persons who took the vaccine and 100 persons who were used as controls; 
making a total of 200 persons who were observed in this study. Beeause these 


groups were much smaller than the ones studied in previous vears, we were able 
to avoid some of the difficulties which we had previously encountered. 


METHOD 


The patients who participated in this study came from various walks of 
life in Cincinnati and Greenville, Ohio. They consisted of boys in an institu 
tion, medical students, office workers, factory workers, and school children. hh 
each group half the persons took the vaccine, while an identical number acted 
as controls. We were thus able to select the controls so that they were as nearl: 
identical as possible with those taking the vaccine, with respect to age, oceupa 
tion, environment, and number of colds suffered per year in the past, on the basis 
of a three-year average. 

The oral vaecine consisted of a mixture of bacteria which infect tl 
respiratory tract. The strains were selected for their heterophile content, an 
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their ability to resist the effects of the gastrointestinal secretion. The bacterial 
cultures were sterilized with heat, the bacteria separated, absorbed on starch, 
dried at room temperature, and finally filled into capsules. Each capsule con- 
tained pneumococci 25 billion, 1. influenzae 5 billion, streptococei 15 billion, and 
M. catarrhalis 5 billion 

The immunization consisted of the ingestion of one capsule with a half glass 
of cold water at least one-half hour before breakfast, for seven consecutive morn- 
ings, after which one capsule per week was taken throughout the season. 

Table | shows a summary of the data. For the sake of comparison the 
experimentals and controls are divided into subgroups having the same average 


number of colds per year previous to the experimental year. 
TABLE I 


TOTAL COLDS TOTAL COLDS FOR 

PER YEAR IN EACH GROUP FOR 

PAST (3 YEAR EXPERIMENTAL 
BASIS ) YEAR 


AVERAGE NUMBER OF COLDS NUMBER 
PER PATIENT, PER YEAR, IN OF 
PAST (3 YEAR BASIS) PATIENTS 


Took vaccine 

Control 

Took vaccine 

Control 

Took vaccine 

Control 

look vaccine 

Control 

Took vaccine 

Control 

rook vaecine 

Control 

Took vaccine 

Control 

‘Took vaccine 

Control 

Continuous Took vaccine 
None had con 

tinuous colds 

Controls 11 patients had 
continuous 
colds 
3 patients had a 
total of 8 


colds 


*Any coryza or bronchitis whether mild or severe was counted as a cold. 


In order to make an analysis of the group as a whole we have rearranged 

the data in Table I in a more condensed form as shown in Table II. 
From Table II it will be noted that the vaccinated patients showed a de- 
ease of 77.8 per cent in the number of colds during the experimental year 


“Ss compared to the previous three years, whereas the controls showed a decrease 
f only 10.1 per cent, making an essential decrease due to the vaccine of 67.7 
per cent. If we compare the vaccinated individuals directly to the controls 


this is permissible in this instance because the experimental group and the 
controls individually and collectively suffered approximately the same number 
‘colds per year in the past), we find that during the experimental year the 
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controls had 375 colds whereas the vaccinated patients had a total of only 94 
colds, a decrease of 281 colds or 74.9 per cent. In other words the controls 
had four times as many colds as the vaccinated patients. 


TABLE II 


— . TOTAL COLDS* TOTAL COLDS* a ae 
NUMBER test ahaa ian DECREASE ’ ital 
: PER YEAR IN EXPERI- yg es a PER CENT 
OF * ene = on IN NUMBER . toate 
PO st LE IN PAST (AV. MENTAL : é DECREASE 
PATIENTS a on . a OF COLDS 
o YR. BASIS) YEAR 


Controls 417 375 42 10.1 
Took oral 
vaccine 424 94 330 
Essential 
decrease 
due to 
vaccine 67.7 








*Patients reporting continuous colds were calculated as having 8 colds per year. 

Among the above reported groups were boys from an institution. Beeause 
all of the boys in this institution were included in this work, half receiving 
the vaccine and the other half acting as controls, it is of interest to analyze 
their results separately. The data for these boys are shown in Table III. These 
boys lived, ate, went to school, and played together. 


TABLE III 


Boys’ INSTITUTION 





BOYS NOT TAKING VACCINE BUT 


OYS TAKING ORAL COLD VACCINE 
B : USED AS CONTROLS 





0 AND 


4 
6 EXPERIMENTAL 


ILLNESS* 


TO 


193- 


COLDS 
3 

COLDS 
) 


o1}WINTER OF 19: 


) 
COLDS 


|WINTER OF 1935 AND 


le won oh tte 
= **!19 


DUE 


NO. 

NO. 

NO. 
ALL 


36 EXPERIMENTAL 


wine 


AND 1935 

} 
WINTER 
ALL CAUSES 
DUE TO 
CAUSES 


TOTAL 
| TOTAL NO. COLDS 


| WINTER OF 19: 


} 


|TOTAL 
|ILLNESS* 
|TOTAL DAYS 


|/TOTAL 


| 
| 





| 


IR.C. 
R. 
G. 


ea! 
© 


C.B. 
M. B. Continuous 
M. O. + 

E. H. Continuous C. 
B. 8. l L. 
N. B. Continuous W. 
a. 4 5 E. 
G. S. Continuous 0 D. 
#6. 2 1 0 ¥ 

S. B. 3 1 0 G. 
Total 7 24 Total 


Ones 


bo co | WINTER OF 


bo ho 











*Unable to attend to daily duties. 


From Table III it will be seen that the ten boys receiving the vaccine had 
a total of only 7 colds during the experimental year while the ten boys acting 
as controls had a total of 24 colds. The vaccinated boys had 17 less colds than 
the controls, or a decrease of 70.8 per cent. It will also be noted that the vac- 
cinated boys were sick in bed, from all causes, a total of only twenty-four days, 
while the controls were confined to bed forty-two days. Thus the vaccinated 
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boys were sick in bed eighteen days less than the controls, or a decrease of 42.8 


per cent. Actually the decrease was greater than indicated, for one boy among 
the vaccinated group came down with a bronchial pneumonia within less than 
two weeks after the vaccine was started. If we subtract the nine days he was 
ill, we find that the controls were ill in bed for forty-two days, while the vac- 
cinated boys had only a total of fifteen days, a decrease of twenty-seven days, 
or 64.2 per cent. 

SUMMARY 


In the complex clinical condition usually referred to as a cold or an upper 
respiratory infection it is obvious that any one type of method for prevention 
eannot be entirely successful. Obstacles which prevented the suecess of prophy- 
lactic respiratory vaccines in various attempts in the past have been pointed 
out. The advantage of an oral vaccine high in heterophile antigen as a prophy- 
lactic in the common cold have been outlined. 

Actual clinical studies on a total of 2,150 patients have been made to 
date. In this paper we report the results of the last 200 of these patients, the 
others having been reported previously. The patients in this report were 
studied during the winter of 1935 and 1936, while the others were studied 
during the winters of 1933 and 1934, and 1934 and 1935. 

The 200 patients reported in this paper consisted of 100 who took the 
vaccine and 100 who acted as controls. The controls had approximately four 
times as many colds during the experimental year as those who took the oral 
vaccine. There was also a very marked decrease in the days of illness from all 


causes among the vaecinated group as compared with the controls. 
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THE EFFECT OF DIET ON ENTERIC COATED TABLETS* 


F. S. BuKkey, M.Sc., AND MaArsgorte Brew, M.Sc., LiIncotn, Nes. 


[* CONNECTION with previous studies on enterie coatings, by the authors 
and other investigators, the question of the influence of diet on the time which 


enteric coated tablets remain in the stomach naturally arose. It was, therefore, 
decided to make a study of this problem using diets consisting of carbohydrate, 
cellulose, fat, or protein. The percentage of the principal constituent was 
varied over a wide range, in order to observe what effeet, if any, this factor 
might have on the time elapsing before the tablets were expelled. The test meals 
were also varied in amount with the individual subject, in order to ascertain 
whether the size of the meal had any influence. The effect of the time of day at 
which the meal was eaten and the amount of water consumed were also observed. 

The study was conducted using the x-ray in order to remove all element ot 
doubt concerning the location of the tablets in the body. For this purpose, tablets 
of barium sulphate were coated with a synthetic resint which had been previ 
ously tested and found to be the most efficient type of enteric coating investigated 
by the authors. Four of these tablets were given to a subject, who was in 
structed to take them just before the test meal. Radiographs were taken at 
about two-hour intervals until most of the tablets had passed from the stomach 
The subjects used in this study were students of the College of Pharmac) 
University of Nebraska. These individuals took a total of 802 tablets in th: 
204 experiments that were conducted. Six hundred fifty-eight radiographs wer 
taken. 

*From the College of Pharmacy, University of Nebraska. 


Received for publication, October 26, 1936. 
TTablets used in these experiments were supplied by the Abbott Laboratories. 
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Since the results of this study can only be presented in a very brief form, 
it was thought best to give Table I which shows the cumulative percentages for 
the entire tablets passed from the stomach in the given time. The table presents 
these data for the four diets and the three meals. 


TABLE I 


CARBOHYDRATE CELLULOSE 
HOURS BREAKFAST LUNCHEON DINNER BREAKFAST LUNCHEON 


DINNER 





2.02 

6.06 12.50 

22.72 10. 66.66 66 
18.6: 5.4 66.66 66 

51.00 30. 33.3: 72.2 66 

54.03 $1.16 So.abe 74.98 11.66 

63.12 48.02 ‘ 81.92 11.66 

66.15 $8.0: . 83.31 11.66 

81.50 48.05 9 45 84.70 66 

§1.30 18.02 2.45 84.70 66 

87.36 60.76 3.43 93.05 66 

88.57 60.76 3.4: 93.05 

93.92 60.76 1.46 93.038 

93.92 65. 46.46 95.80 

93.92 75. 

94.95 

94.95 


FAT PROTEIN 

HOURS BREAKFAST LI DINNER | BREAKFAST LUNCHEON DINNER 

LS 7 miaet ‘ ; a ie 65 : 7 10.00 niga 

2.0 4.54 17.02 30.00 14.28 

é 6.8] 22. 21.27 55.00 17.85 

9.08 28.09% 21.27 55.00 24.99 

9.08 28.5% | 36.16 55.00 24,99 

9.08 a9! 51.05 55.00 24.99 

20.44 39. 57.45 55.00 24.99 

27.25 39. 61.68 60.00 24.99 

29.52 39. 65.95 24.99 

31.79 ’ 65.95 24.99 

36.33 48, 80.82 28.56 

36.35 2.82 80.82 35.70 
36.3: SO0.S2 


> 
36.33 iD. 9.30 85.07 
) 


S.. 56 9.30 
9. 96.35 . 18.60 
9: 38.60 

10. 38.60 

10.3 38.60 79.94 
11. 38.60 79.94 
ll. 38.60 79.94 
12. $5.41 91.56 


It will be noted from the table that considering the diets as a whole, there 
appeared to be an inerease in the length of time tablets would remain in the 
stomach as the day progresses. This was no doubt due to fatigue and a slowing 
of peristalsis. Diets high in carbohydrate or cellulose were more conducive to 
apid passing of the tablets from the stomach, as was shown by the higher per- 
entage of tablets expelled. Fat diets were the least efficient and the only type 
that did not follow the order set by the other three, since the highest percentage 
assed in the ease of the luncheon. The cellulose diets which contained a high 
content of bran caused the greatest disintegration of the tablets in the stomach. 
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These results indicate that the best type of diet to insure rapid passing of the 
tablets from the stomach would be a mixture of carbohydrate and cellulose. 

The quantity of food consumed had no apparent effect on the time the 
tablets remained in the stomach. This was demonstrated by the results on two 
subjects having the same type of diet. One of these individuals had a meal of 
19.5 gm., the other 658 gm. The tablets were all passed in seven hours by the 
first individual and in six hours by the second. This same general trend was 
noted through all the experiments. The results were somewhat different where 
large quantities of water were ingested. An excess of fluid seemed to retard 
the passing of the tablets. One subject drank 4,140 ¢.c. of water during the 
experiment and retained all of the tablets in the stomach for sixteen hours. It 
was noted that the subjects ingesting 700 ¢.c. or less of liquid passed the tablets 
more rapidly. 

Another interesting point brought out in this study was the individual’s 
variation. It was found that the same individual did not react the same on 
different days with respect to the passing of the tablets although given identical 
diets. The same was found to be true of different individuals having the same 
diet. 

The average time in hours based on the total number of tablets passed from 


the stomach, was as follows: 
BREAKFAST LUNCHEON DINNER 
Carbohydrate 3.6+ 5.0 3.2- 
Cellulose 2.7+ 3.3+ : 
Fat 5.8+ 6.14 
Protein 4.24 3.4- : 


38+ 
8.5 
7 


The average time in hours determined in this manner does not give a true 
picture of the end-results as it will be noted that a lower percentage of tablets 
passed out of the stomach in the case of the luncheon and dinner. If the ex- 
periments could have been extended until all of the tablets had been expelled, 
the average time would have been increased for these two meals. Since we 
were using students for subjects, it was impossible to keep them all night in 
order to complete the experiments. However, the above values are of interest 
as most previous investigators have reported two to four hours as the average 
length of time tablets will remain in the stomach. 





THE PRODUCTION OF CHRONIC ARTHRITIS BY INDOLE AND 
OTHER PRODUCTS OF TRYPTOPHANE PUTREFACTION* 


J. C. Forses, Pu.D., ann R. C. Neate, M.D., RicumMonp, Va. 


|’ HAS been reported by the authors! that indole, a product of tryptophane 


decomposition, is usually present in the urine of patients having rheumatoid 
arthritis. In a more recent paper,” it was shown that this indoluria diminishes 
with clinical improvement and finally disappears with recovery. These findings 
suggested that indole might be a factor in the causation of an arthritic joint. 
It was decided to ascertain whether or not indole, or other products of 
tryptophane decomposition, would produce, when injected into the joint 
cavity, any pathologic changes similar to those found in arthritis. The present 
paper deals with the results obtained in this investigation. 

It has been shown by Axhausen,’® Key,* and Burckhardt’ that arthritis- 
like changes can be produced by the injection of a small amount of a strong 
chemical irritant, such as tincture of iodine or carbolie acid, into the joint 
cavity. Seeliger® produced similar changes in the knee joint of rabbits by 
the repeated injections of N/50 hydrochloric acid, and believed that the acid 
reaction within the joint was responsible for the arthritis. Habler’ repeated 
Seeliger’s experiments and obtained comparable results, but he also produced 
the same arthritic changes in rabbits by numerous injections of distilled water 
into the knee joints. Key* confirmed Habler’s results with distilled water 
and further showed that the injection of physiologic saline would cause similar 
lesions. The changes produced by these milder irritants were not severe, be- 
ing very slight compared with those which are here reported from the injec- 
tion of indole and related compounds. 

Exrperimental.—Adult rabbits, without regard to size, sex or breed, were 
used as experimental animals. Sterile solutions of indole, skatole, indole- 
propionic acid and tryptamine (B-indolethylamine) were injected aseptically 
into the joint cavity of one hind knee. Except where otherwise stated, a 40 
per cent aqueous solution of diethylene glycol was used as a solvent for these 
compounds, and the injections were repeated once or twice a week for nine 
weeks. 

Indole Experiment 1: Eight rabbits received intracapsular injection of 
10 mg. of indole in 1 ¢.c. of the solvent solution, 2 received 5 mg. in 0.5 e.e., 
and 2 received 3 mg. in 0.5 ¢.c. Equal amounts of the solvent solution were 
njected into the opposite knee joints. The injections were repeated once a 
week for nine weeks. With one exception all of the rabbits were killed within 
iwo weeks after the last injection. Sacrifice of the last rabbit was delayed for 
ive weeks to allow further changes to take place in the joint. Fig. 1 shows 

*From the Department of Biochemistry, Medical College of Virginia. 
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the joint surfaces of this animal. The difference between the experimental and 
control joints of the other rabbits used in this experiment was entirely com- 
parable with those shown in Fig. 1, taking into consideration the amount of 
indole injected and the duration of the experiment. 

Indole Experiment 2: Two animals were used. Each received injections of 
5 mg. of indole twice a week for nine weeks, and was killed five weeks after 
the last injection. The results were in complete agreement with those obtained 
in the previous experiment, the severity of the lesion being apparently the 
same as produced by single injections of 10 mg. weekly over the same period 
of time. 

All joints receiving single injections of 10 mg. of indole weekly, or 5 mg. 
biweekly, showed definite enlargement in about ten days after the first injec- 





eee 


Fig. 1.—Left joint was injected with 10 mg. of indole in 40 per cent diethylene glycol 
once a week for nine weeks and the rabbit was killed five weeks thereafter. Right joint is 
the control joint. It was injected with the solvent alone for the same period of time. 





tion. Crepitus could be elicited after about two weeks. After six weeks, a 
decided decrease in joint motility was evident. None of these symptoms was 
apparent in the control joints. The extent of the pathologic change was 
naturally greater in those animals, the killing of which was delayed for an 
extended period after the last injection. A detailed description of these latter 


joints only is here recorded, since the purpose of this paper is not a study of 


the changes involved in chronie arthritis, but to show that indole and other 
products of tryptophane putrefaction can bring about very severe arthritic 
lesions. 

Gross Description: The difference between the indole-treated and control 
joints was always very marked, the experimental joint being about 50 per 
cent larger than the corresponding control joint. There was considerable 
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wasting of the thigh muscles above the indole-treated joint, and marked 
crepitus was evident on manipulation. In opening the joint it was necessary 
to cut through approximately 4 mm. of dense fibrous tissue. The cavity con- 
tained apparently normal amounts of synovial fluid, and showed no evidence 
of infection, only a few pus cells being evident on microscopic examination. 
The control joints showed no gross deviation from normal. 

Microscopie examination of the indole-treated joint revealed marked pro- 
liferative activity of the articular cartilage, with cellular arrangement into 
vertical rows. In places the cartilage was thinned and deeply eroded. The 
thinned and eroded surfaces were covered with granulation and fibrous tissues 
which were replacing the cartilage and bone. The patellar surfaces showed 
the same changes. The epiphyseal cartilage showed no apparent change. 
There were marked increased fibrosis and thickening of the capsular attach- 
ments. The microscopie appearance of the control joint exhibited no abnor- 
mal changes. 

Skatole Experiment: With the same procedure as used in the indole ex- 
periments, two rabbits were given injections of 5.6 mg. of skatole (the molecu- 
lar equivalent of 5.0 mg. of indole). Two more received injections of 2.8 mg. 
of skatole plus 2.5 mg. of indole. The substances were dissolved in 40 per cent 
diethylene glycol solution and 1 ¢.c. injected. Injections were made twice 
weekly for nine weeks and the animals were killed one week following the 
last injection. Grossly, the joints receiving the skatole, and the skatole and 
indole, were similar in appearance to those receiving comparable amounts of 
indole for the same length of time; though possibly the changes were not 
quite so severe. 

Indole-Propionic Acid Experiment: Two rabbits were used in the experi- 
ment on this indole derivative ; 8.1 mg. of indole-propionie acid (the molecular 
equivalent of 5.0 mg. of indole) were injected twice a week for nine weeks. 
The rabbits were killed five days following the day of the last injection. The 
changes in the joints receiving the indole-propionie acid were similar to those 
produced by indole. The cartilage destruction was about the same, but the 
proliferation of fibrous tissue was somewhat less in the indole-propionie acid 


treated animals. 


Tryptamine Experiment: Two rabbits were given injections of 10 mg. of 


tryptamine dissolved in 1 ¢.c. of saline. One cubic centimeter of saline was 
also injected into the control joints. Injections were made weekly for twelve 
weeks and the animals were killed one week later. At autopsy the joints 
showed no gross evidence of any arthritic changes in either the tryptamine 
or the control joint. The difference between our results with saline and those 
of Key® is undoubtedly due to the fact that we gave so few injections. 

The experiment was repeated, using 10 mg. of tryptamine, but 40 per cent 
diethylene glycol solvent solution was used instead of normal saline. The 
solvent solution was also injected into the control joints. Injections were 
made biweekly. The rabbits were killed by mistake at the end of five weeks. 
\utopsy of the knee joints showed no apparent differences between the 
iryptamine injected and the control joints. 
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DISCUSSION 


The use of indole and some of its derivatives for the production of ex- 
perimental arthritis was a direct outgrowth of the finding of indole either 
free or in a loosely bound form in the urine of most cases of rheumatoid 


arthritis. Although the results of the present experiments do not prove that 


products of tryptophane putrefaction are causative agents in the production 


of rheumatoid arthritis in man, they are suggestive and would seem to justify 
further investigation. The mechanism through which these products bring 
about arthritic changes in the joints of rabbits is by no means clear, Their 
action is not due to the indole ring per se, since tryptamine (B-indolethylamine ) 


produces no demonstrable lesions. 


SUMMARY 


Chronic arthritis with extensive joint changes has been produced by the 
intracapsular injection of indole, skatole, and indole-propionic acid into the 
knee joints of rabbits. Control joints injected with equal amounts of the 
solvent solutions used with the above compounds failed to produce any ap- 
parent changes. Tryptamine (B-indolethylamine) had no detectable effect on 
the joint tissues. 


The authors acknowledge with gratitude the many helpful criticisms and suggestions of 
Dr. Frank Apperly, Professor of Pathology, in carrying on this work and in the preparation 
of the manuscript. They are also indebted to Eli Lilly and Company for a research scholar 
ship to one of us, R. C. Neale, and to the Valentine Research Fund of the College for a 
research grant to help defray the cost of the investigation. 
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THE EFFECT OF ANTIPERNICIOUS ANEMIA SUBSTANCES UPON 
GUINEA PIG RETICULOCYTOSIS AND A REVIEW 
OF THE LITERATURE* 


W. H. Bacuracnu, B.S., AND S. J. FoGetson, M.D., Cuicaco, IL. 


CHARACTERISTIC and specific reticulocytosis in the guinea pig from 
A substances effective in the treatment of pernicious anemia has been recently 
reported by Jacobson."" !* This report pertains to our findings in a similar 
study. 

Male guinea pigs weighing approximately 500 gm. were used. They were 
kept in wire-bottom cages. The animals were fed oats ad lib., carrots and lettuce, 
at the same time each day. No water was given. 

The reticuloeyte counts were made daily except on Sunday, by the same per- 
son and at the same time each day. The reticulocyte counts were estimated ac- 
cording to the method of Landsberg and Thompson."* 

In each determination a minimum of 500 cells was counted. This method 
was found to be simple, satisfactory, and accurate. Repeated determinations 
convineed us that the results compared closely with those obtained when the 
Jacobson method was used. This technie had the added advantage of making 
the reticulum more distinct, thus reducing the error. 

After a suitable control period the material under investigation was ad- 
ministered by the designated route. Reticulocyte counts were then repeated for 
an adequate period of time. Orally the material was given by medicine dropper, 


and intraperitoneal injections were accomplished by inserting a hypodermic 


needle directly into the abdomen at an angle of 45 degrees. 
Limited space makes it impossible to present here all of the counts made 
from day to day in the various experiments. The complete results for a small 
umber of guinea pigs representative of each group are, therefore, tabulated. 
Reticulocyte studies were first made on a group of 14 guinea pigs. Control 
counts were made on all animals during the first week and with two exceptions 
the percentage of reticulocytes was well below 1 per cent. There was a fair 
legree of uniformity throughout the control period. At the end of the first 
eek the animals were injected intraperitoneally with 5 ¢.c. of a solution of 
Lilly’s Liver Extract No. 343, each dose containing the equivalent of 5 mg. of 
resh liver. One guinea pig died the next day. In the remaining 13 animals, 
showed a response greater than 1.4 per cent, reaching 3.0 and 3.8 per cent on 
ie second and third days, respectively, of the observation period (Fig. 1, Pig 7). 
Vith this single exception the only difference between the reticulocyte counts 
*From the Departments of Surgery and Physiology, Northwestern University Medical 
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during the week following injection of Lilly’s liver extract and those of the con- 
trol period was a slightly greater tendency toward fluctuation in percentage of 
reticulocytes from day to day. 

In order to determine whether a larger dose of liver extract would give a 
better response, the guinea pigs were injected at the beginning of the third week 
with 5 «ec. of a solution of the same extract, each dose now containing the 
equivalent of 50 mg. of fresh liver. During this third week of observation none 
of the guinea pigs, including the one which had previously responded to the 
5 mg. dose, showed a definitely positive response; 8 of the animals continued 
at the same reticulocyte level as during the control period. The remaining 5 
reached 1.2 per cent or above on one or more days during the week following 
injection. Only one of this group went above 1.4 per cent at any time, reaching 
2.8 per cent on the fourth day. These 5 animals were retained as being ‘‘ pos- 
sibly reactive’’ and were reserved for further study. The remaining 8 were dis- 
carded. 

For a period of one week, control counts were made on the 5 guinea pigs 
selected as described above. At the end of this time the animals were fed an 
extract of pressed stomach linings prepared according to the method of Klein 
and Wilkinson."* During the following week there was no response in any of 
these animals to the administration of the stomach material. These animals 
were then followed for four weeks to determine their reticulocyte values without 
further injection. The results on three of these animals are shown graphically 
in Fig. 1. 

If we assume that a positive response consists of a rise to 2 per cent on two 
consecutive days, or on two days separated by one day, and if a ‘‘ weakly posi- 
tive’’ response is assumed to be a rise to at least 2 per cent on one day, it is noted 
from Fig. 1 that occasional spontaneous ‘‘responses’’ occurred during the con- 
trol period. Moreover when the four surviving pigs were injected intra- 
peritoneally with the equivalent of 2 mg. of fresh liver and studied for a final 
week, there was no inerease in reticulocyte count which could be considered sig- 
nificant. 

Table I illustrates typical findings in 3 animals from a group of 8 guinea 
igs which were studied for seven weeks. From this experiment the following 
servations could be made: 

1. None of the animals responded to a dose of 50 mg. of fresh liver, although 
‘uinea Pig 21 showed counts above 2.0 per cent, but had been at a high level 


luring the eontrol period. 

2. Three guinea pigs exhibited a weakly positive response to 500 mg. of 
er, but subsequently failed to respond positively to a 2000 mg. dose three 
‘eks later. 

3. One guinea pig (No. 26) showed an apparently spontaneous reticulo- 
tosis during control periods. 

4. None of the animals responded positively to a dose of 2000 mg. equivalent 
fresh liver. 

Table II summarizes the results in 4 of another group of 18 guinea pigs 
idied for nine weeks. At the beginning of the observation period, Pig 36 had 
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a reticulocyte count of 22.2 per cent which gradually decreased to 0.8 per cent 
at the end of the third week, despite intraperitoneal injection of 2 gm. equivalent 
of fresh liver, which also failed to give a response in any of the 17 remaining 


animals. 
TABLE I 


GUINEA PIG 21 


Day Control Period 


0.6 
0.6 
0.2 
0.2 
0.4 


Each pig injected intraperitoneally with the equivalent of 50 mg. of fresh liver 


2.4 6 0.6 
2.6 0 0.6 
2.6 0 0.8 
0.6 6 OS 
1.8 6 0.8 
0.6 4 0.6 


Control Period 


0.4 0.2 0 
0.0 0. 2 
0.6 0.3 4 
0.2 0.2 Al) 
0.0 0.4 0 
0.2 0.6 .o 


pig injected intrape ritoneally with the equivalent of 500 mg. of fresh liver 


0.4 0.6 
0.8 0.4 
0.2 0.6 
0.4 9 


0.2 


0 


5 
0.6 5.0 


Control Period 


Control Period 


0.4 0.5 10.8 
0.0 0.: 14.0 
0.2 0. 9.2 
0.2 0. 9.6 
0.2 0. 6.6 
0.0 ’ 3.4 


injected with 2 c.c. of Chappel’s Liver Extract. Two c.c. equivalent to 
2 gm. fresh liver. 


0.0 0.2 
0.2 0.6 
0.0 0.0 
0.4 0.0 
0.4 0.0 
0.4 0.2 
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As suggested by Jacobson," it is possible that these guinea pigs might be 


in a refractory period and might subsequently become reactive. They were 


rested for approximately six weeks before being subjected to a further study. 
The control period consisted of five consecutive weeks during which time three 
of the animals showed a definitely spontaneous response and six showed a weakly 
positive response, despite the fact that during this period no injections were 
given. We were, however, satisfied that the control counts were sufficiently 
consistent to permit ready recognition of any definite response to the administra- 
tion of the antipernicious anemia material. At the end of this five-week control 
period, each pig was injected intraperitoneally with 1% e.c. of Lilly’s liver extract 
solution, the dose being the equivalent to 2.5 gm. of fresh liver. The subsequent 
daily reticulocyte counts revealed a positive response in only one guinea pig. 
However, this animal became very sick coincident with the reticulocyte rise and 
died on the day following the peak of the reticulocyte curve. 

An L-tyrosin fraction which was isolated from liver was found*° by guinea pig 
assay to contain over 10,000,000 guinea pig units per gram. The results follow- 
ing the injections of 2 mg. of L-tyrosin ean be seen in Table III. These animals 
were studied for fourteen days, and three guinea pigs exhibited positive re- 
sponses, returning again to normal at the end of the two-week period. It may 
he noteworthy that none of these three guinea pigs had ever exhibited a retieulo- 
cytosis of positive significance either during the control period or following 
injection of liver. These results suggested repetition of the experiment, but in 
the same animals the same dose of L-tyrosin intraperitoneally now failed to elicit 
a single positive response. Finally the animals were given daily intraperitoneal 
injections of 5 e.e. of Lilly’s liver extract, each dose containing the equivalent 
of 1 gm. of fresh liver. The detailed findings were entirely negative. 


COMMENT 


Jacobson’s findings": !* suggest that the guinea pig, properly controlled, 
may serve as an assay animal for determining the antipernicious anemia potency 
of liver extracts. The independent report of Landsberg and Thompson” further 
substantiates such a conclusion. Moreover, these latter authors obtained posi- 
tive findings without the meticulous adherence to conditions as specified by 
Jaeobson concerning housing, diet of the animals, and technie of reticulocyte 

uunting. In addition, Miller and Rhoads,’® despite disregard of Jacobson’s 
tipulations, were able to obtain increased reticulocyte counts in their guinea 
igs with daily feedings of 0.6 gm. of Lilly’s liver extract. Their responses 
‘curred between the seventh and twelfth days, a finding which is in disagree- 
ent with Jacobson," ‘‘that the reticulocytosis that the oral administration of 
iver extract induces differs qualitatively in no way from that following the 
traperitoneal administration.’’ Since Miller and Rhoads fed 500 mg. daily 
hout 75 times the minimal effective oral dose recorded by Jacobson), their 
ticuloeyte responses should have been obtained within six days after the first 
ose if their work is to be considered in full agreement with that of Jacobson. 

Clark and Coene,’ in the abstract of a paper read before the American So- 

ty of Biological Chemists, summarized their work on this problem as follows: 
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TABLE II 























GUINEA PIG 30 36 37 42 
Day Control Period 
0.2 22.2 0.8 0.4 
2 0.0 16.8 0.0 0.6 
3 0.2 9.8 0.6 0.0 
4 0.0 7.0 0.6 0.2 
5 0.0 6.2 0.0 0.0 
6 0.2 4.2 0.2 0.0 
Equivalent of 2 gm. fresh liver intraperitoneally 
l 0.0 4.2 0.4 0.4 
2 0.0 4.2 0.0 0.4 
3 0.0 3.6 0.0 0.6 
4 0.0 3.4 0.0 0.0 
5 0.4 3.0 0.4 0.2 
6 0.2 3.0 0.4 0.4 
*Control Period 
] 0.2 1.8 0.4 0.0 
2 0.4 2.2 0.2 0.4 
3 0.2 1.6 0.2 0.4 
4 0.4 0.8 0.4 0.0 
5 0.6 0.8 0.2 0.2 
6 
7 0.0 0.0 0.4 0.2 
8 0.2 0.0 0.2 0.6 
9 0.4 0.2 0.0 1.4 
10 0.0 0.8 0.8 1.2 
1] 0.0 0.4 0.8 0.0 
12 0.0 0.4 0.4 1.0 
13 
14 0.4 2.2 2.2 0.8 
15 0.2 0.2 0.4 1.8 
16 0.0 0.6 0.0 2.2 
7 0.0 0.0 0.0 3.0 
18 0.0 0.0 0.4 0.6 
19 0.0 0.0 0.0 0.2 
20 0.6 1.6 0.4 
21 0.2 0.0 .6 0.0 
22 0.2 0.2 2.4 0.6 
23 1.6 0.0 0.6 1.2 
24 3.0 0.0 2.6 0.6 
25 1.0 0.8 2.2 0.4 
26 0.8 0.2 0.2 0.2 
27 0.2 0.4 0.0 0.2 
28 
29 0.6 0.2 ne 0.2 
30 0.8 0.4 0.2 0.2 
31 0.6 0.4 0.6 0.4 
32 0.6 0.6 0.2 0.6 
33 1.8 0.4 0.4 0.4 
34 0.2 0.2 0.4 1.6 
35 0.6 0.0 0.4 0.4 
36 0.2 0.2 0.0 0.4 
37 0.0 0.0 0.2 





One-half Cubic Centimeter Lilly’s Extract Solution Intraperitoneally 





1.0 


0.0 


] 0.2 0.0 
2 0.4 0.0 0.0 0.0 
3 0.0 0.0 0.0 0.0 
4 0.6 0.0 0.2 0.2 
5 0.2 0.2 0.6 
6 0.4 0.2 0.0 0.6 





*All animals rested for six weeks prior to this control period. 
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TABLE II—ConT’pD 











"GUINEA PIG 30. 36 37 - 42 
7 0.0 0.2 0.2 0.4 
8 0.0 0.6 0.4 2.4 
9 
10 0.4 0.4 0.0 1.0 
11 0.2 0.8 0.8 0.0 
12 0.4 1.4 0.4 4 0.2 
13 0.8 0.6 0.2 0.0 
14 1.0 0.6 0.6 0.0 


‘‘The content of the antianemie substance present in different liver extracts has 
been estimated by the guinea pig method of bio-assay. Although the method 
may not be specific, reproducible results are obtained.”’ 

As far as we have been able to determine, no substitute for the clinical 
method of liver assay has as yet stood the test of time. In 1930, Vaughan, 
Muller, and Minot?! reported that normal grain-fed pigeons responded specifi- 
eally to potent liver preparations. This work was extended and supported by 


TABLE III 


GUINEA PIG. 320 —~C~*~*# «42 44 
Day 2 mg. L-Tyrosin Intraperitoneally 
] 0.2 0.4 0.4 1.4 
2 0.0 0.8 20 1.4 
3 0.2 0.6 3.4 2.4 
4 0.6 0.4 4.8 0.8 
5 1.2 1.4 3.4 2.0 
6 0.4 1.2 3.6 2.4 
7 0.6 0.8 1.8 4.4 
8 1.8 23 0.6 2.8 
9 1.2 2.0 0.2 4.2 
10 2.2 2.0 0.2 5.0 
11 0.6 1.8 0.4 3.6 
12 1.2 1.2 0.6 2.6 
14 0.2 0.6 0.4 1.2 


2 mg. L-Tyrosin Intraperitoneally 


l 0.2 0.6 0.6 0.2 
2 0.2 0.6 0.0 0.6 
3 0.6 0.2 0.2 0.2 
4 0.2 0.4 0.0 0.0 
§ 0.2 0.2 0.2 0.0 
6 0.2 0.0 1.0 0.2 
7 0.2 0.4 1.4 0.4 
8 0.0 0.6 0.8 1.4 
9 0.4 0.4 0.6 0.4 
10 0.4 0.2 0.8 0.2 
11 9.0 0.6 0.4 0.4 
12 0.0 0.2 0.2 0.2 
13 0.0 0.2 0.2 0.4 
2 0.0 0.2 


14 0.4 0. 








Daily injections of 1 gm. equivalent of fresh liver made from Lilly’s Powder 


0.4 0.0 0.2 0.2 


l 

2 0.2 0.2 0.0 0.2 
3 0.0 0.2 0.0 0.4 
4 0.2 0.2 0.2 0.4 
5 0.2 0.0 0.0 0.2 
6 0.2 0.0 0.2 0.2 


0.2 0.0 0.6 0.2 


| 
| 
| 
| 
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Vaughan, Muller, and Zetzel*? and practically confirmed by Edmunds, Brueck- 
ner and Fritzell.° Wills®® carefully repeated the work of Vaughan and her 
coworkers and found that the normal reticulocyte fluctuations were of such fre- 
queney and magnitude ‘‘that it was impossible to judge the response of any 
drug by the number present.’’ ‘*‘Obviously the variations in the percentage 
of reticulocytes in pigeons depend on other factors than those operating in man, 
and the greatest caution is therefore necessary in the interpretation of results.’’ 

Muller’® however, in a study on the influence of liver extract and acute 
infection on reticulocytes and bone marrow of pigeons, concluded that the pigeon 
not only responded to liver extract with a rise in reticulocytes, but that infection 
had the same inhibiting influence on the response of pigeons to liver as it had 
on the response in human pernicious anemia patients. Peabody and Neale’ 
found that the reticulocytosis in pigeons following injections of liver products 
did not parallel the clinieal potency of the product. Heiman, Connery, and 
Goldwater’? reported a marked daily variation in pigeon reticulocyte counts. 
This was unaltered by diet and the administration of liver extracts. 

Gurd® reviewed the methods and results reported by the above groups, and 
concluded that none of the work was reliable, because the methods used failed 
to stain completely the reticulum of the pigeons’ red cells. Using a more sensi- 
tive method he was unable to show any response to administration of potent 
liver extracts to the grain-fed pigeon and coneluded that the pigeon was not a 
suitable means of liver assay. 

Recently Muller’ has found that liver extracts and nonspecific reticulogenic 
substances (intravenous injections of lysine and leucine) will be followed by 
‘‘similar’’ reticulocyte responses in the pigeon under standard conditions. 
‘*These reticulocyte responses in the peripheral blood were accompanied by two 
histologically different reactions of the bone marrow. (a) After the administra- 
tion of liver extract the megaloblasts of the bone marrow were transformed to 
more adult red blood cells. This oceurs also in the bone marrow of pernicious 
anemia patients after liver therapy. (b) After the administration of lysine and 
leucine the bone marrow showed an increase and extension of erythroblastic 
tissue. Numerous megaloblasts and many mitotic figures were present.’’ These 
observations do not, in our opinion, meet the criticisms advanced by Gurd nor 
establish the pigeon as an adequate assay animal. 

A simple test tube reaction for the estimation of liver potency was described 
by Duesberg and Koll:° these investigators reported that when a suspension 
of washed erythrocytes was incubated with liver extract and subsequently 
hemolyzed, methemoglobin was formed in amounts proportional to the clinical 
activity of the liver. This observation was later contradicted by Deutsch,* and 
by Wilkinson and Deutsch.2* They showed that the methemoglobin forming 
fraction could be separated by careful heating from the antianemie fraction, 
and that the methemoglobin-forming property of liver was independent of its 
clinieal potency. 

The American and German investigators disagree on the value of the rat 
as a hemopoietic test animal. Vaughan and Muller,** discoverers and proponents 
of the pigeon method of assay, reasoned that the rat would not be expected to 
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respond to antianemic substances because its bone marrow is predominantly 
erythroblastic and normoblastic rather than megaloblastie which characterizes 
the human pernicious anemia patient. Their hypothesis was borne out by their 
experimental findings; neither raw liver nor liver extracts were able to evoke 
a reticulocyte response in rats. Gebhardt and Cario* three months later published 
the results of an elaborate series of experiments showing that antianemie mate- 
rials cause a marked reticulocytosis in mature male rats, although they admitted 
the test to be nonspecific. 

Singer’® found the rat to be suitable for the demonstration of the presence 
of the **‘Castle Factor’’ in human gastric juice. Normal human gastrie juice 
caused a reticulocyte rise to two or three times the normal values in three to five 
days. The gastric contents of pernicious anemia patients in relapse had no such 
effect. These findings were partly confirmed by Fleischhacker and Schlesinger.‘ 

Of the remaining laboratory animals, dogs and rabbits were tested for 
reticulocyte response to liver by Adlersberg and Gottsegen' who reported nega- 
tive results. We believe that as yet a consistently reliable and practical method 
for assaying antipernicious anemia substances in experimental animals has 
not been established. Nor are we of the opinion that the presence of a mega- 
loblastie bone marrow in some laboratory animals implies a pernicious anemia 
state. The changes in the bone marrow of a human pernicious anemia patient 
are secondary to a deficiency elsewhere in the body. Meeting this deficiency by 
appropriate therapy restores such bone marrow to normal, but similar pro- 
cedures in the test animal are productive of an abnormal condition for that 
animal. Hence we believe that the ideal laboratory assay for liver poteney can 
be attained only by producing experimental pernicious anemia in an animal 
whose bone marrow normally resembles that of a normal human being, and 
this is our present objective. 


SUMMARY 


Thirty-nine guinea pigs were studied for their response to antianemic mate- 
rials. Liver extracts were given intraperitoneally and by mouth in sufficient 
doses to anticipate definite response. The results obtained and the normal un- 
explainable variations in reticulocyte counts permit the conclusion that in our 


hands the guinea pig was not a suitable animal for assaying antipernicious 


anemia potency of liver extracts. 
A brief review of the literature on the use of other animals does not as yet 
‘onclusively demonstrate that any laboratory animal can supplant the human 
pernicious anemia patient for the assay of liver potency in the treatment of 
ernicious anemia, 
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CHEMICAL DEMONSTRATION OF SMALL AMOUNTS OF BLOOD 
IN THE URINE* 


Kas. LARSEN, M.D., CoPpENHAGEN, DENMARK 


INCE Addis' in 1925 presented his method for the counting of the elements 

of urinary sediment, we have gained more accurate information conecern- 
ing the blood content of the urine under normal and pathologie conditions. 
Thus Addis? found red blood cells in the urine in about two-thirds of 74 nor- 
mal persons, showing on an average 65,750 erythrocytes in the twelve-hour 
night urine, with a maximum of 425,000. In a similar series of examinations 
from this department, Newraa'® found red blood cells in the urine in 51 out of 
70 normal persons, the average being 130,000 erythrocytes in the twelve-hour 
night urine, with a maximum of 1,100,000. Of particular significance to the 
present work are the studies carried out by Neraa'! on the amount of the hemor- 
rhage in patients suffering from hemorrhagic Bright’s disease. In the acute 
stage the twelve-hour night urine contains as a rule from 2,000 millions to 
8.000 millions red blood cells, and the maximum came as high as 10,000 millions 
whieh means about 2 ¢.c. of blood. When the number of erythrocytes in the 
twelve-hour night urine falls off below 300 to 500 millions, the condition of 
hematuria is no longer macroscopically visible. In the chronie stage of this dis- 
ease the twelve-hour night urine contains usually from 10 to 200 millions red 
blood cells, some patients excreting as a rule from 100 to 200 millions erythro- 
‘ytes per night urine, whereas others excrete only from 5 to 15 millions erythro- 
evtes per night urine throughout long periods of their illness. 

On the basis of these findings it looks interesting and promising to investi- 
vate whether the chemical reactions ordinarily employed in the clinie for demon- 
stration of hematuria are sufficiently sensitive, i.e., whether they can demon- 
strate a few millions of erythrocytes distributed in the twelve-hour night urine. 
\mong the many substances recommended for this purpose, e.g., guatac, aloin, 
phenolphthalein, fluorescein, benzidin, and orthotolidin, only the three in italies, 
‘ing typical representatives of the various substances, have been used for 
‘urther examinations which comprise about 2,400 tests. 

The guaiae test was presented in 1861 by van Deen.® It depends upon the 
lity of the hemoglobin to transfer the oxygen originating from turpentine or 
om hydrogen dioxide to the active elements of the gum guaiae, resulting in a 

ue compound that is soluble in neutral or acid solutions. Among the many 
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subsequent modifications of this method, the one given by Schroeder appears to 
be the best. Sehroeder’? has shown that the outcome of the reaction is dependent 
upon a certain relation between the amount of blood and the amount of guaiac, 
so that strong solutions of blood require strong solutions of guaiae, and weak 
solutions of blood require weak guaiae solutions, whereas the reaction may fail 
to appear if a strong guaiac solution is used together with a weak blood solution. 
As the blood content of the urine is unknown, the test is made with three dif- 
ferent guaiae dilutions, as outlined in the following schema: 


Tube 1: 10 drops tincture of guaiac* + 2 e.c. of absolute 
aleohol + equal parts (i.e., about 2 ¢.c.) of turpen- 
tine. 

Tube 2: 2 drops of guaiae tincture + 2 e.c. of absolute 
aleohol + about 2 ¢.c. of turpentine. 

Tube 3: 2 drops from Tube 2 + 2 ec. of abs. aleohol 


about 2 ¢.c. of turpentine. 


To each tube is added 10 ec. of urine; then the mixture is shaken well. 
Using this test I found positive reactions for the presence of 120 million eryth- 
rocytes or more in 400 e.c. of clear urines of low specifie gravity, whereas 
urines of higher specifie gravities gave no positive reaction until the number 
of erythrocytes reached 400 millions or more. So this test is but little sensitive 
and also somewhat circumstantial. 

The phenolphthalein test was presented first by Kastle and Shedd,° sub- 
sequently elaborated in particular by J. Boas,® and Johannessen.’ It is based 
upon the fact that the colorless phenolphthalein in alkaline solution is readily 
oxidized by hydrogen peroxide, aleohol and blood to phenolphthalein, which gives 
a red color in alkaline solution. The reagent here employed is prepared as fol- 


lows: 
Phenolphthalein 1 gm. 
Potassium hydroxide 25 gm. 
Distilled water 100 gm. 


are boiled together with 10 gm. of zine powder to decoloration, then filtered. To 
this filtrate is added an equal amount of 96 per cent aleohol. The test is per- 
formed by mixing in a small test tube 0.5 e.c. of this aleoholie reagent, one drop 
of hydrogen peroxide and 0.5 ¢.c. of urine. With a twelve-hour urine portion 
amounting to 400 ¢.c., this test in my examinations gave a positive reaction for 
12 to 20 million erythrocytes or more in the portion, if the urine was clear and 
of a low specific gravity. If the specific gravity was greater, the reaction was 
found positive only by the presence of 200 million erythrocytes or more. Besides 
the rather poor sensitivity of this test, the weak reactions are hard to recognize, 
as the faintly red colors make a much poorer contrast to the urine’s own colo! 
than do the blue and green colors of the guaiae and benzidin reactions. 

The benzidin reaction, first elaborated by O. and R. Adler,* is based on the 
fact that a solution of benzidin in acetic acid, containing hydrogen peroxide, 
turns greenish blue or blue when small amounts of hemoglobin are added. The 
sensitivity of the test depends to a large extent upon the concentration of 

*The preparation here employed is tincture of guaiac, 1:5, prepared by maceration of 


not-too-old gum guaiac for about 1 month at 15° C. The finished tincture must be dark 
brownish red in color; it should be kept in a brown bottle. 
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benzidin employed. Gregersen’s’ modification of this test has been adopted 
widely for demonstration of occult blood in feces. In this form the test is made 
with an 0.5 per cent benzidin solution, which is prepared freshly before each 
test by dissolving a powder of 25 mg. of benzidin + 0.2 gm. BaO, in 5 ¢.e. of 50 
per cent acetic acid. Gregersen gives two methods for demonstration of hema- 
turia: (1) 1 ¢.c. of urine is added to 2 ¢.c. of 0.50 per cent benzidin solution in a 
test tube, (2) 1 drop of urine is placed on a slide, placed on a white back- 
ground, and 2 to 4 drops of benzidin solution are added to the urine. By 
these methods I was able to demonstrate the presence of from 40 to 200 million 
erythrocytes, or more, in urine portions of 400 e.c. 

One property common to all the above-mentioned methods is that the test is 
much more sensitive for the presence of blood in water than for blood in urine. 
Urine has a rather strongly inhibitory effect on the establishment of the reac- 
tions, and concentrated urines are more inhibitory in this respect than are 
urines of low specific gravities. In order to eliminate this inhibitory action of 
the urine, E. Boas*t has suggested the following modification of the benzidin 
test: About 25 ¢.c. of urine is filtered through an ordinary filter; when all the 
urine has passed through, the benzidin solution is dropped upon the sediment 
(without unfolding the filter paper). In order to make the test more sensitive, 
the reagent is made stronger, only 3 to 4 ¢.c. of 50 per cent acetic acid being 
added to the above-mentioned amount of benzidin-barium powder (giving a 


benzidin solution of 0.83 to 0.63 per cent). In this form the test is very sensi- 


tive; clear urines of low specific gravity give a positive reaction for the presence 
of even such a small number as 0.02 million erythrocytes in 10 ¢.e. of urine, i.e., 
0.8 million erythrocytes in 400 ¢.ec. of urine, that is, a number of red blood cells 
occurring in the urines of normal persons. 

On the basis of the method given by E. Boas, I have elaborated a technic 
for demonstration of from 2 to 10 million erythrocytes or more in night 
urine of 150 to 700 ¢.e. The reasons why I selected the Boas method are as 
follows: It is the only test available at present that has proved sufficiently sensi- 
tive; the test is easy to make and it takes but little time and only a few utensils ; 
the reagents employed for this test keep relatively well. The test is made on the 
night urine, because our knowledge as to the degrees of hematuria is still limited 
largely to findings in the night urine. In addition, as will also be evident from 
the following, it is a somewhat significant point that the amount and specific 
eravity of the twelve-hour night urine are usually subject to less variation than 
ire the same features of the day urine. 

The final establishment of the technic of this test met with several difficul- 
ties, however. One of these difficulties was due to the variability of the amount 
of the night urine. If, for instance, a test gives a negative result for 0.05 
million erythrocytes in 10 ¢.c. of urine and a positive reaction for 0.2 million 
erythrocytes, it means that with a twelve-hour urinary output of 200 c.e. it is 
‘racticable to demonstrate the presence of from 1 to 4 million erythrocytes or 
more in the total twelve-hour urine. If, for example, the twelve-hour night 
urine amounts to 600 ¢.c., it is possible with this test to demonstrate the presence 
of from 3 to 13 million erythrocytes or more. A small twelve-hour urinary out- 
put may thus give a positive reaction even though the number of erythrocytes 
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comes within the normal limit; on the other hand, if the twelve-hour urinary 
output is rather great, even absolutely pathologic values may escape demonstra- 
tion. This difficulty is counterbalanced somewhat if the test is made with only 
5 e.c. of urine when the total night urine amounts to less than 300 ¢.c., 10 e.e. 
when the total urinary output is between 300 and 500 ¢.c., and 15 ¢.e. when the 
total twelve-hour output exceeds 500 ¢.c. In this way a positive reaction indi- 
cates that the night urine contains, irrespective of its volume, from about 2 to 
about 10 million erythrocytes or more. The prerequisite of this tripartition is 
that the sensitivity of the test depends alone on the number of blood corpuscles 
present and is independent of the amount of urine passing through the filter; 
that this is actually the case to a sufficient degree was clearly demonstrated by 
performing the reaction on a series of urine samples of different volumes (5, 10, 
and 15 ¢.e.) and specific gravities, each sample containing the same number of 


red blood cells. 

Another difficulty hinges on the fact that the sensitivity of the reaction 
differs in various urines depending upon the concentration and clearness of the 
urine. This is evident from the following experiment, which was performed in 
order to find, if possible, a benzidin concentration that would give in all urines 
a positive reaction for 0.2 million erythrocytes in 10 ¢.c. of urine and a negative 


reaction for 0.05 million erythrocytes in 10 ¢.ec. of urine. 

The night urines of several persons with healthy kidneys were mixed into 
portions of about 1,000 ¢.c. in such a way that the various portions differed in 
specific gravity. These mixtures were examined in the usual way for the pres- 
ence of albumin, sugar, and pus, besides being examined microscopically. In 
addition, the erythrocytes were counted after the Addis method, and a red cell 
count in excess of 10,000 per 10 ¢.c. of urine was given consideration by prepara- 
tion of the most diluted blood suspensions. A stock suspension containing 1 
million erythrocytes per ¢.c. of urine was made for each mixture, 25 e.mm. of 
blood being added to 125 ¢.c. of urine. The blood used for these suspensions con- 
tained from 4.80 to 5.12 million erythrocytes per ¢.mm., and an amount of 
hemoglobin varying from 8&8 to 103 per cent (Sahli). By diluting different 
amounts of these stock solutions with up to 100 ¢.c. of urine, specimens of urine 
were prepared which contained from 5 to 0.02 million erythrocytes per 10 c.c. 
of urine. 

The test itself was performed as follows: 10 ¢.c. of urine was pipetted off 
into an ordinary folded filter paper (diameter 10 em.). After all the fluid had 
passed through the filter, the filter paper was spread out on a dry filter; the last 
remnant of fluid was absorbed by the dry filter, so that the original filter paper 
no longer shone from moisture. Then 6 or 8 drops of the reagent were placed 
in the center of the filter. This technic appears preferable to the Boas method, 
as a remnant of urine in the filter may inhibit the reaction. The reagent was 
prepared after the method given by Gregersen, except that the amount of 
benzidin was varied so as to make the various benzidin concentrations: 0.25 per 
cent, 0.30 per cent, 0.40 per cent, ete. 

By such experiments it was found that a benzidin concentration of 0.50 per 
cent gave the most serviceable results. Table I shows the results obtained with 
this benzidin concentration in various mixtures of urines. As will be noticed, a 
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reagent with 0.50 per cent benzidin gives a positive reaction for normal amounts 
of erythrocytes in the less concentrated urines (sp. gr. less than 1.015). One 
will then have to omit the test on such urines or make it with a weaker benzidin 
concentration. I prefer the former alternative, as the specifie gravity of the 
night urine will in most cases be 1.015 or more (or it may be made so by with- 
holding fluids), and the erythrocytes keep better in a concentrated urine than 
in a thin urine. 

Various factors that may contribute to the inhibitory effect of the urine 
upon the benzidin reaction are examined and discussed below. As a rule, almost 
without any exception, it can be said that when the urine is clear or only slightly 
cloudy, this inhibition increases with the specific gravity. If the urine is very 
turbid, the sensitivity of the test is decreased a little further, so that even the 
presence of 15 to 20 million erythrocytes in the total portion will in a few cases 
fail to give any reaction. Marked turbidity of the night urine is in a great 
many eases due to precipitation of urates. In such eases the test is performed 
after the urine has been made clear by heating slowly; then the sensitivity of 
the test, as has been demonstrated experimentally, is quite the same as in a clear 
urine. In the great majority of cases the night urine is acid; if, however, it is 
turbid and alkaline at the same time, its reaction has to be changed to acid be- 
fore the test is made (by addition of acetie acid to dissolve phosphates and 
carbonates ). 

From the observation that the benzidin test was more sensitive after pre- 
cipitation of the chlorides of the urine by means of silver nitrate, Johannessen 
assumed that the different inhibitory effect of the various urines upon the reac- 
tion was dependent upon the varying salt content. It seems more likely, how- 
ever, that the increased sensitivity of the test after the aforementioned precipita- 
tion with silver nitrate is due rather to a clearing of the urine, as the voluminous 
precipitate of silver chloride takes along with it a great many of the formed ele- 
ments of the urine. To throw some additional light on this question, I prepared 
some blood suspensions of equal strength in 0.9, 1.5, and 3 per cent NaCl solu- 
tions, respectively ; the reaction was the same in all three instances. Then to the 
suspensions in 0.9 per cent NaCl solution were added the substances occurring 
most commonly in the urine, in such amounts as to approach the concentrations 
encountered in the urine. In such experiment no inhibitory effect was observed 
from phosphates, urea, creatinine, hippurie acid and oxalic acid. Urates, on 
the other hand, were found to inhibit the reaction, no matter whether they were 
precipitated or dissolved, but the latter finding could not be demonstrated in 
experiments with urine. Also tricresol and formalin inhibit the reaction, so that 
the test is not to be made on urines that are preserved by addition of these sub- 
stances. A strong inhibition of the reaction was observed after addition of a 
thin suspension of talcum powder. These experiments suggest that it is the 
formed elements of the urine (bacteria, crystals, ete.) which have an inhibitory 
effect upon the benzidin reaction merely by their presence and independent oi 
their chemical properties. 

Other cells in the urine may give a positive benzidin reaction, e.g., yeast 
and pus cells. In order to give a positive reaction, however, the yeast cells hav 
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to be present in such large amounts that their presence can never give rise to 


any error. It was found experimentally that 10 million yeast cells in 10 ¢.c. of 
urine (sp. gr. 1.015) gave a negative reaction; 4 million yeast cells in 10-c.e. 
of physiologic salt solution, on the other hand, gave a positive reaction, and this 
was stronger after the yeast suspension had been boiled for two minutes. With 
the blood suspensions employed above, the reaction was also found to be a little 
stronger after boiling for two minutes than before boiling. Urines giving a 
positive reaction for pus (jellying with alkali) will always give a_ positive 
benzidin reaction, and the reaction is not weaker after boiling for two to five 
minutes; this is due either to the possibility that pus cells behave in this respect 
like yeast cells and erythrocytes, or, what appears to be the general view, that 
in any severe degree of pyuria there are always so many erythrocytes in the 
urine that they will give a positive reaction. The test is, therefore, not ap- 
plicable to urines that gelatinate with alkali. 

The test may be performed in artificial light. 

The benzidin reaction of the urine remains unchanged, at least for one day, 
if the urine remains clear. If it becomes turbid by precipitation of salts or by 
bacterial decomposition, the sensitivity of the test, as already mentioned, is low- 
ered a little. 

Further information about the degree of hematuria might be obtained by 
making the test with different weaker benzidin concentrations. Thus, for ex- 
ample, a positive reaction with a benzidin concentration giving a negative 
result for 1 million erythrocytes and a positive for 4 million erythrocytes in 
10 c.c. of different urines, would indicate the presence of from 30 to 200 mil- 
lion erythrocytes or more in the total portion of urine. But just as valuable 
information is obtained with the test described above. As will be noticed from 
Table I, a reaction that appears within one, two, or three seconds (when the eolor 
will always be strong) will in most eases indicate that there are 1 million erythro- 
eytes or more in 10 ¢.c. of the urine. As it makes no difference in the clinical 
estimation of a case whether there be 30 or 50 million erythrocytes in the night 
urine, this may be expressed as follows: A strong reaction within one to three 
seconds indicates the presence of about 50 million erythrocytes or more in the 
total portion. 

All told, the method here described requires more preparatory measures 
than were previously considered necessary for a test for blood in the urine: 
Instruction of the patient about the collection of the urine voided in the night 
and early in the morning, in some eases with additional instruction not to take 
too much fluid, and in the ease of a female patient, to wash the genitals thor- 
oughly ; measuring of the urinary output, determination of the specifie gravity, 
ind drawing off 5, 10, or 15 ¢.c. of urine. But this may all be done very quickly, 
mee the examiner has become accustomed to it. The test itself is so easy to per- 
form and requires so little apparatus, neither a centrifuge nor a microscope, 
that it also appears to be serviceable to the general practitioner. 

While performing the studies here reported, I have had occasion to ascer- 
‘ain that Gregersen’s benzidin-barium powders stand being kept in storage only 
‘or a certain length of time. When newly mixed, the powder is ivory-colored; 
almost white; on storage it gradually becomes yellowish and finally brownish 
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yellow, and its sensitivity decreases with this change in color. The color changes 
more slowly if the powder is kept in black paper capsules than when it is kept 
in white capsules. In one experiment with a benzidin powder that was 13 
months old and had turned brown in color, it was possible in a urine with a 
specific gravity of 1.018 to demonstrate 0.5 million erythrocytes per 10 ¢.c. of 
urine, but not 0.3 and 0.2 million erythrocytes per 10 ¢.c. of urine, whereas the 
two last-mentioned values could be demonstrated with benzidin powders that 
were one week, one month, and two months old, respectively. So, benzidin 
powder that has turned brown is no longer fit for use. 

In conclusion, I shall briefly recapitulate the technie of the test here sug- 
gested as it may be put down, for instance, in a printed list of directions: 

The test is performed on the night urines with a specifie gravity of 1.015 
or more. 

1. Determination of the specific gravity and amount of the night urine. 

2. The entire portion of the night urine is shaken well. 

3. If the total night urine amounts to less than 300 ¢.c¢., only 5 ¢.¢. (meas- 
ured by graduate or pipette) is filtered through ordinary filter paper; if the 
total night urine exceeds 300 ¢.ec., but is less than 500 e.c., 10 ¢.e. is filtered; and 
if it exceeds 500 ¢.c., 15 ¢.c. is filtered. 

4. The benzidin reagent is prepared by dissolving a Gregersen powder (25 
mg. benzidin + 0.2 gm. BaO.) in 5 ¢.c. of 50 per cent acetic acid. 

5. When all the urine has passed through the filter, the filter paper is spread 


out on a dry filter paper, and when the first filter has lost its shine of moisture, 
5 or 6 drops of the benzidin reagent are placed in the middle of the filter. 


6. If a blue color appears within one to three seconds, the strength of the 
reaction is designated by ++, which signifies that there are about 50 million 
erythrocytes or more in the total night urine. If it takes longer (from four to 
thirty seconds) the strength of the reaction is designated by +, which indicates 
the presence of from 5 to about 50 million erythrocytes in the night urine. A 
blue coloring that appears later than thirty seconds after the addition of the 
reagent is considered a negative reaction. 

7. If the urine is very cloudy, and does not become clear on slow heating 
or on addition of acetic acid until it gives a distinctly acid reaction, the test 
is a little less sensitive. 

8. The test is not made if the urine gelatinates on addition of alkali. 

If the test is made on urine with a specific gravity of less than 1.015, a nega- 
tive reaction shows, of course, that the amount of red blood corpuscles in the 
urine is not increased to pathologic values; if the reaction is positive, the test 
must be repeated on a urine of higher specific gravity. 

SUMMARY 

Schroeder’s guaiac test, Johannessen’s phenolphthalein test and Gregersen’s 
benzidin test are not sensitive enough for demonstration of slight degrees o! 
hematuria, whereas the E. Boas modification of the benzidin test will in sev 
eral cases give a positive reaction even with a normal amount of erythrocytes 
in the urine. 
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A technic, based on the Boas test, is here given for demonstration of from 
2 to 10 million erythrocytes or more in night urines of 150 to 700 e.e. 
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THE ESTIMATION OF CHOLESTEROL IN BLOOD* 


SUPPLEMENTARY NOTES ON A METHOD UTILIZING THE BERNOULLI REACTION 


E. Opermer, M.D... ANp R. Minttron, B.Sc., LoNpon, ENGLAND 


N 1933 we published a method for the estimation of cholesterol in blood,! 

utilizing the Tschugaew-Bernoulli reaction. Sinee this date the technic has 
heen in daily routine use in our laboratories. Over two thousand estimations 
have been carried out, and we have had ample opportunity for watching for 
any fallacies in the technic. Time has not caused us to make any modification 
in the method. 

It is rather surprising to us therefore that the only published comments on 
our technic have been of an adverse nature. In 1934 Bloor? gave it as his 
opinion that ‘‘There is as yet no good reason for abandoning the colorimetric 
method in favor of digitonin precipitation.’ He believes that neither pro- 
cedure is specific and the colorimetric method is easier to carry out. In eriti- 

zing digitonin precipitation he says, ‘‘It is not beyond possibility that the 
lower figures obtained with digitonin are due to hydrolysis of the digitonide, or 
complete precipitation as pointed out by Schénheimer and Dam.’ In 1935 
\rtom* states, ‘‘The Bernoulli reaction is discredited.’’ Ansbacher and Sup- 
ee? were unable to obtain consistent results with their modification of our 
technie applied to the estimation of cholesterol in milk. 


In view of the consistently accurate results which our technic has given us, 

even in the hands of relatively unskilled laboratory technicians, it occurs to us 

at the possible explanation of the difficulty found by others in applying our 

chnic lies in the fact that our original paper did not give sufficient details 

0! the different stages of procedure. We consider that these supplementary 
hotes might help other workers to overcome seeming difficulties. 


*Received for publication, May 9, 1936. 
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THE ‘‘DIRECT’’ LIEBERMANN-BURCHARD REACTION 


Our investigations prior to the publication of our method, carried out over 
a lengthy period, prove conclusively that the ‘‘direet’’ Liebermann-Burchard 


reaction is inapplicable to the analysis of cholesterol in blood. 

Table I shows the amount of color development given with the Liebermann- 
Burchard reaction by varying amounts of cholesterol, under varying conditions 
of time, temperature, and amounts of sulphurie acid. 


TABLE I 
DEVELOPMENT RATES WITH PuRE CHOLESTEROL 


0.1 ml. of solutions containing varying concentrations of cholesterol are made up to 5 ml. 
with chloroform. 

2 ml. of acetic anhydride are added, and varying amounts of concentrated sulphuric acid. 

Development is allowed to proceed at given temperatures, and the optical densities of the 
color produced read at intervals on the Vernes-Bricq-Yvon Photometeré 


0.05 ml. H,SO, used 
DEVELOPMENT AT 0° ¢. 20” Cc. 
TIME IN MINUTES 
50 10 2 30 «40 
15 0 £3 2 ii 
26 2s 18 23 29 22 
36 35) «634; 30) «34 = 3: 
48 7 oo 46 4: 
58 56 5246 54 53 582 


CHOLESTEROL 


0.10 ml. H,SO, used 
DEVELOPMENT AT O° Cc. 20 ° c. 
TIME IN MINUTES 

10 2 40 5 2 3 40 50 

13 16 #15 3 : : - 11 

25 26 26 D 3 . 23 

18 43 48 

50 56 52 

64 64 60 


CHOLESTEROI 


. H,SO, used 
DEVELOPMENT AT 0° ©, 30 ° c. 
TIME IN MINUTES 
20 «63006400 OS 60 70 | 
12 12 10 
21 20 16 
teed or oo 


oo al 
41 37 34 
45 40 


66 60 56. BS j 5: 50 
° H,SO, used 


CHOLESTEROL 


DEVELOPMENT AT 3, 20” Cc. 
TIME IN MINUTES 
20 30 50 60 70 | 


80 d y 2 y 9 ¢ gia - Sale 
160 2 é 26 2: 2 18 1] SS Ia 
240 36 36 ;: $33 37 & 
320 5 56 55 36 


£00 5% 6 67 635 3 5 42 4 


CHOLESTEROL 


These figures permit of the following definite conclusions: 


a. That the peak of color development is transient, and that fading occurs. 
b. For each given temperature the time for maximum color development is different 
varying concentrations of cholesterol. 
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ec. That there is no optimum concentration of H,SO, for any given range of cholesterol 
concentrations—each concentration has its own optimum. 

d. That the conditions of the reaction can be fixed only if the concentration of cholesterol 
is first known. 

These remarks refer to the pure cholesterol solutions. Using cholesterol 
ester solutions, the above remarks were also found to apply, but further, the 
optimum conditions for each concentration were different from those applying 
to free cholesterol. 

These facts make the ‘‘direct’’ Liebermann-Burehard reaction useless for 
measuring a mixture of cholesterol and cholesterol esters, even in pure solutions. 

Thus, a continued advocacy of the Liebermann-Burchard reaction seems 
to us unjustified. 

The observations of Gardner and Fox,’ Lifschuetz,S and Bohn and Bicken- 
bach,® showed that bile pigments, lipochromes and resinous substances present 
in blood, all modify the color arrived at by the Liebermann-Burchard reaction. 

If practical conclusions are to be drawn from blood cholesterol estimations, 
it is essential that the figures should be comparative, and therefore determined 
by an aceurate method. It is obvious therefore that any reliable technie must 
incorporate (a) the preliminary separation of cholesterol from interfering sub- 
stanees, which ean only be done by preliminary separation with digitonin, and 
(b) the preliminary hydrolysis of cholesterol esters. 


THE INDIRECT LIEBERMANN-BURCHARD REACTION 


After Preliminary Separation of Cholesterol as Digitonide——Schonheimer 
and Sperry’ have since published a technie indicating their view also that a 
separation of cholesterol from interfering substances was essential. They esti- 
mate the cholesterol on a digitonin precipitate with a modification of the Lieber- 
mann-Burehard reaction. The digitonide is dissolved in acetie acid, and acetic 
anhydride and sulphurie acid are added. 

In our experience, when this reaction is applied to cholesterol digitonide, 
the conditions governing color development are similar to those governing the 
pure cholesterol solutions. The possible variations are somewhat greater, how- 
ever, in view of the fact that cholesterol digitonide gives a much weaker color 
than cholesterol. 

Recently we attempted a comparison of Schénheimer and Sperry’s technic 
with our own. 

We were unable to arrive at consistently accurate figures when such a small 
amount of plasma was used. The chief difficulty seemed to lie in the centrifug- 


TABLE II 


SCHONHEIMER AND SPERRY | ore at a ee 
| 








, = ; OBERMER AND MILTON 
(0.25 ML. PLASMA) 
TOTAL FREE 
218 64 
208 64 210 56 
208 52 210 60 
208 54 217 60 
206 f 210 56 
206 210 60 
204 213 60 


213 








TOTAL FREE 


217 53 
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ing and washing of the precipitate. It was almost impossible to avoid some 
washing loss, which, with such a small precipitate, caused significant errors. 

Later we repeated the technic using five times the amount of plasma speci- 
fied by the authors, i.e., 0.25 ml. 

With this slight modification of the Schénheimer and Sperry technie, it 
will be seen that our results are closely comparative. 

We would suggest, however, that the technical difficulties of the separation 
and the extreme care needed in standardizing the color development, render 
the technic less suitable for routine purposes than our own. 


THE TSCHUGAEW-BERNOULLI REACTION 


The disadvantages of the Liebermann-Burehard reaction led us to investi- 
gate the Tschugaew-Bernoulli reaction some time before we arrived at our 
final technie. 

[If an acyl chloride be heated with cholesterol in the presence of a de- 
hydrating reagent, a reddish brown color is produced. If other conditions are 
constant, this color is proportional to the concentration of cholesterol present. 

In practice we found ortho-nitrobenzoyl chloride to be the most satisfactory 
for the purpose. To produce maximum color intensity, boiling for at least 
fifty minutes is necessary. 

If acetyl chloride is used, it tends to distil away. Thus a variable lowering 
of the concentration of one of the reacting solutions may lead to ineonstant 
results. 

Benzoyl chloride, if freshly distilled, will give a good color. On cooling, 
however, benzoic acid precipitates out, causing a cloudiness of the solution, 
which renders it unfit for color comparison. This also occurs with pheny!] 
acetyl chloride, and para- and meta-nitro benzoyl chlorides. The ortho-nitro 
derivative, however, gives a very soluble acid and a clear solution is obtained. 
The latter has an added advantage of being solid at ordinary temperature, and 
is consequently more stable. 

Schénheimer and Sperry criticized the reaction on the ground that the 
resultant color is the summation of color given by the cholesterol and digitonin. 
We regard this as an advantage, since a greater depth of color is obtained for 
a given amount of cholesterol present. This allows smaller variations in choles- 
terol content to be estimated with greater precision. It is true that excess 
digitonin must be washed away. This does not involve extra work, since a 
thorough washing of the cholesterol digitonide precipitate is necessary in any 
case. 

Separation of Cholesterol—We think it probable that some difficulty is 
encountered with the details of cholesterol digitonide precipitation. 

The cholesterol is separated from blood by extraction with some solvent 
which also acts as a protein precipitant; 3:1 aleohol-ether, or 1:1 aleohol 
acetone, is equally good. Alcoholic digitonin* is added, and the mixture evap: 


rated to dryness on a steam bath. 


*The digitonin solution is prepared as follows: 1 gm. of digitonin is dissolved in 50 n 
absolute alcohol. 50 ml. of water are added and the solution allowed to stand in ice overnig! 
Any precipitate which forms is filtered off. 
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The extract should be neutral in reaction before the digitonin is added. 
Acid tends to inhibit the coupling. The dry residue is heated with a little water 
to dissolve the digitonin. A fat emulsion forms, which dissolves when about 
three times the volume of acetone is added. 

The suspension is transferred to a centrifuge tube. The nature of the 
fluid, which contains fats and excess digitonin, makes packing of the precipitate 
very difficult. 

In our experience it is here that gross errors may creep in. Very intensive 
centrifuging is necessary to throw down the precipitate, and even then the 
removal of the supernatant fluid should be carried out with the greatest care 
in order to prevent any of the precipitate from being sucked off. 

In following the technic of Schénheimer and Sperry (where only minute 
quantities of precipitate are being dealt with), we found that errors up to 100 
per cent could be accounted for in this way. 

The device of adding AIC], and precipitating Al(OH), from solution with 
ammonia is useful in entraining the digitonide. On centrifuging, packing of 
the precipitate then occurs quite readily. 

The aluminium hydrate is dissolved out with a drop of acid in subsequent 
washing, as centrifuging difficulties are not encountered once the bulk of the 
fat and excess digitonin has been removed. 

Hydrolysis of Cholesterol Esters —Sodium ethylate is the most effective 
hydrolytic agent. Small amounts should be prepared frequently from sodium 
and absolute aleohol, and discarded when they show a brownish tinge. 

Hydrolysis of cholesterol esters is complete on boiling for less than thirty 
minutes. In order that fatty substances which cause centrifuging difficulties 
be hydrolyzed, boiling is, however, prolonged for this full period. 

The bulk of the solvent should then be distilled off. On no account should 
the contents of the flask be allowed to dry. If this occurs, the estimation must 


be re-started. Apparently the cholesterol is so altered by the action of the soda 


as to prevent coupling with the digitonin. 

When the contents of the flask have been reduced to about 2 ml., about 
20 ml. of petroleum ether are added, and the mixture brought to a boil. Two 
milliliters of water are added, and the flask thoroughly shaken. This dissolves 
ut the soda, aleohol, and any coloration produced during hydrolysis. 

The flask is allowed to stand until the water layer has separated to the 
ottom. The petroleum ether layer is decanted off through a filter paper. The 
vater layer is extracted with a further quantity of petroleum ether. The 
‘troleum fractions are mixed, aleoholie digitonin added, and the contents 
vaporated to small bulk. About 5 ml. of aleohol are added, and the contents 
aporated to dryness. 

The centrifuging and washing of the precipitate are the same as for free 

olesterol. 

Occasionally, despite all precaution, minute quantities of soda find their way 
io the petroleum extract. This has the effect of causing delayed precipitation 

the digitonide. It is, therefore, advisable to lixiviate the digitonide with 
per cent hydrochlorie acid rather than with water, at the centrifuging stage. 
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Details of Color Reaction ——The digitonide is finally washed with ether and 
dried. It must be perfectly dry before proceeding to the color development, 
since water inhibits the reaction. Exclusion of water is the main precaution to 
observe during this stage of the procedure. All pipettes should be dry, and the 
tube should be covered when placed in the water-bath, to avoid entry of steam. 
The most effective device for covering the centrifuge tube is to use a capillated 
tube held in position with a rubber sleeve. 


Zine chloride, which is used as a condensing agent, must be anhydrous. 


This is obtained by fusing stick zine chloride until fumes no longer arise, and 
dissolving the cooled melt in glacial acetic acid. The solution should be stored 
in a tightly stoppered bottle. We find the best practice is to add the 0.2 ml. of 
ortho-nitro benzoyl] chloride last from the pipette, and not in solution of glacial 


acetic acid as originally indicated. 

The time of color development in the boiling water-bath is fifty minutes. 
A very slight inerease of color is obtained with all concentrations if the heat- 
ing is continued for a longer period. The reaction is stopped, however, as soon 
as the tube is removed from the bath, and no difference in color is obtained if 
the tube is left at room temverature, even after twenty-four hours. 

We have already referred to the paper of Ansbacher and Supplee on the 
estimation of cholesterol in milk. They experienced difficulties when they at- 
tempted a modification of our technie. 

They first tried para-nitro benzoyl chloride with unsatisfactory results, 
which were eliminated when benzoyl chloride was used. We emphasize the fact 
that no difficulties should be eneountered with the ortho-nitro benzoyl com- 
pound, but that benzoyl chloride is likely to cause turbidity, which interferes 
with color comparison. 

CONCLUSIONS 


1. The ‘‘direct’’? Liebermann-Burehard reaction is unsuitable for accurate 
cholesterol estimation in blood. 

2. With the microtechnie of Schénheimer and Sperry, utilizing the indi- 
rect Liebermann-Burchard reaction, good results can be arrived at, providing 
thet (a) extreme care is taken with the conditions of color development, and 
(b) sufficient plasma is used; the small quantity of plasma used in their orig 
inal technic can lead to gross errors owing to mechanical loss. 

3. Reports which have appeared in the literature regarding the inaccurac) 
of the Bernoulli reaction as used in the Obermer-Milton technic, probably 
arise from the fact that insufficient details were published in the original article. 
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RAPID METHODS FOR PREPARING AND STAINING BONE MARROW* 


EK. M. Scuueicuer, A.B., AND E. A. SHarp, M.D., Detroit, Micu. 


HERE is increasing appreciation of the diagnostic and prognostic value of 

hematologic data derived from a study of the bone marrow. The technical 
procedure of biopsy consists of two major steps: (1) The removal of bone mar- 
row, and (2) preparation of the bone marrow for microscopic examination. 

Various instruments have been developed for the operative procedure, all 
of them having their advantages and disadvantages. Similarly, numerous 
methods for treating and staining marrow tissue have been described. Experi- 
ence with various technics, however, convinced us that none was entirely satis- 


factory since the primary objective, clear-cut cytologie differentiation, was sel- 


dom attained. 

It is the purpose of this report to present (1) a simple technic for preparing 

fresh bone marrow which permits individual and differential cytologic study, and 
2) a rapid and efficient method for staining fresh marrow with May-Griinwald 
and Giemsa stains. 

Technic for Bone Marrow Biopsy.—The operative technic for bone marrow 
biopsy described recently by Young and Osgood’ has been used. Sufficient bone 
marrow for comprehensive study can be obtained in this manner. The type of 
needle devised by Klima and Rosegger,? Fig. 1, is preferred to an 18 gauge spinal 
puncture needle, since it permits the operator to regulate the depth of the punc- 
ture in an accurate manner, A suitable adapter must be provided for this needle 
when using a syringe of domestic manufacture. 

The site of puncture is the sternomanubrial junction. After the needle is 
inserted, the piston of the syringe (5 ¢.c. capacity) is partially withdrawn and 

eld firmly until marrow appears. The maneuver should be rapid, since this 
vill prevent admixture of peripheral blood. About 0.5 ¢.c. of marrow is with- 
'rawn and discharged without delay into a small paraffin-lined test tube, con- 
aining a sufficient amount of heparin to prevent coagulation. The tube is 
vently inverted several times to obtain an even mixture of the cellular elements. 

A Wintrobe hematocrit tube is then filled with the heparinized marrow to 

the **10’’ mark and centrifuged at high speed for five minutes. After centrifuga- 


*From the Anemia Laboratory, Out-Patient Department, Harper Hospital. 
Received for publication, July 8, 1936. 
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tion the height of the white myeloid layer in the hematocrit is determined and 
an equal column of red cells is marked on the tube. The supernatant plasma 
is drawn off with a pipette until the plasma column is equal to the combined 
myeloid and erythrocyte layers. With a pipette, the plasma, myeloid, and 
erythrocyte layers are withdrawn, discharged into a paraffin-lined watch glass 
and thoroughly mixed. A small drop is transferred to a slightly warm micro 
slide, and by the use of a cover slip, a margin-free smear is made, as recom 
mended by Schilling for peripheral blood. After the marrow preparation has 


been air-dried, it is ready for staining. 

















Fig. 1.—Klima and Rosegger needle for bone marrow biopsy. 

















Fig. 2.—Bone marrow from sternum prepared and stained by the authors’ met! 
Preparation taken from an acute hemolytic anemia. The myelocytic granules and mitosis 
structural characteristics of the megaloblast are particularly well illustrated. Magnificat 
x<1500. 


Rajnd Staining of Bone Marrow.—The slide is placed into (1) 0.3 per « 
aleoholie May-Griinwald solution for three minutes. (2) Without washi 
place slide into a freshly made-up dilute May-Griinwald solution* for one min 
(May-Griinwald solution and buffer solution pH 6.8, equal parts). (3) 


*One hundred cubic centimeters of absolute methyl alcohol (National Aniline and Cl! 
ical Company, New York) are warmed to 50° C. To the warm alcohol is added, in mi! 
portions, 0.3 gm. of May-Griinwald dye powder (National Aniline and Chemical Com] 
New York). After each addition of the dye the solution is shaken vigorously, When sol 
is complete, allow to stand for twenty-four hours, filter into a brown or blue bottle and 
in a cool place. The dilute solution used in staining should be replaced daily. (In hot we 
the diluted stain may deteriorate in two to three hours.) It is very important to kee! 
dye and buffer solutions cool. 




















SCHLEICHER-SHARP: METHODS FOR STAINING BONE MARROW 951 


slide is then removed and placed on a staining rack covered with 3 ¢.c. of dilute 
Giemsa solution (Giemsa stock solution, one drop, plus buffer solution pH 6.8, 
one cubic centimeter) for five minutes. (4) Finally rinse with distilled neutral 
water until the water returns clear while tilting the slide, then place in a vertical 
position and allow to air-dry. 

If this procedure is followed, there will be obtained not only a clear but 
also a well-tinted smear. Several hundred comparative studies showed no 
appreciable difference between the cellular morphology in the bone marrow prep- 
arations and those from peripheral blood when both were stained by the above 
deseribed teehnie. 

A bone marrow microslide preparation of an acute hemolytic anemia is 
cited in Fig. 2 as a typical example of the brilliant preparations obtainable with 
this method. These bone marrow preparations have been successtully reproduced 
in color by photomicrography. 


SUMMARY 


1. Bone marrow is removed from the sternomanubrial junction. 
2. A needle devised by Klima and Rosegger permits accurate adjustment 
of the depth of the puncture. 

3. Erythrocytes and leucocytes in a ratio of 1:1 has been adopted as an 
arbitrary standard. 

4. A rapid method of staining fresh marrow tissue with May-Griinwald and 
(iiemsa stains at a pH of 6.8 has been described. 

5. The elarity of cellular morphology of bone marrow, when treated as 


deseribed herein, is comparable to that found in peripheral blood preparations. 
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A NEW 





INSTRUMENT FOR DETERMINING 
CONDITION AT AUTOPSY* 


CARDIAC 


Davip B. Fisupack, M.D., PHILADELPHIA, PA. 


HAT is clinically called myocardial degeneration may be one of a numbe 

of pathologic conditions, viz., parenchymatous degeneration, fatty degen 
eration, etc. Most cardiac degenerations come under the term parenchyme us 
degeneration, but yet there are various degrees of this. The pathologist, ii 
examining a heart for pathologic changes, notes size, color, consistency, ete 
If it is paler than normal, cloudy and half cooked in appearance, cuts wit! 
decreased resistance, and is softer than normal, it is called parenchymatous 
degeneration. The myocardial fiber is a specialized cell and is therefore sub 
ject to the usual degenerative changes from which cells suffer In general 
fatty degeneration, the muscular substance throughout presents a pale or a 
light yellowish appearance, and is quite friable, the finger being readily) 
thrust into it.- 





Fig. 1.—Before test. Number in the window region to right reads 0. Note serrat: 
surface in middle of tube to insure firmer grip during use. Plunger is at left graduated int 
centimeters and half centimeters. 





Therefore, degenerated cardiac muscle is more easily fragmented than 
normal cardiac muscle. A suitable term for this would be pressure fragmen- 
tation. t 

A general idea of the amount of pressure required to perforate ecard 
muscle can be gotten by pushing the index finger or thumb through the mus- 
cle. The more easily penetrated by the finger, the more degenerated the heart 
muscle. A more accurate test can be obtained by this instrument. 

The instrument is made of brass, heavily chrome plated, and rust pr 
There are two brass cylinders, one telescoping within the other. Inside is a 
brass spring, tempered to a fixed hardness. At the distal end is a plunger, | 
4 em. long by 6144 mm. wide (diameter), graduated into centimeters and |alt 
centimeters. Inside of the tube is a brass graduated rod that projects from 
the proximal end of the instrument, the rod having a flattened surface «nd 


*From the Department of Pathology, Temple University School of Medicine and J: SI ] 
Hospital. 


Received for publication, September 8, 1936. 
TFor this term I am indebted to Dr. Robinson, of Philadelphia General Hospital. 
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being marked off in grams (0 to 1,000 with eight subdivisions—0, 125, 250, ete.). 
When the plunger is inserted into the heart muscle (interventricular septum), 
the spring within the tubes becomes compressed, and the graduated rod is 
pushed outward. After the plunger has pierced completely the cardiae musele, 
the spring recoils, but the graduated rod remains in position, showing the 
number of grams required to perforate that cardiae area. In the heart, the 
center of the interventricular septum has been chosen because this area is 
least likely to show local changes due to coronary disease. The test is either 
performed with the excised interventricular septum or the interventricular 
septum in situ. 

In a series of over 200 autopsies, [ have found in normal hearts the read- 
ing with this instrument to be 1,000 to 1,050 gm., while degenerated hearts 


showed various readines down to 200 em. The lower the reading, the more 





Fig. 2.—After test. In window region to right, note new reading (in grams pressure), 


degenerated the cardiae muscle; whereas the closer the reading to 1,000, the 
less degenerated was the cardiae muscle. These gross findings were ecorrob- 


orated by histologic examination of the cardiae muscle. 
SUMMARY 


A new instrument is introduced as an additional measure to determine 
condition of cardiae muscle and degree of degeneration at autopsy. 

Pressure fragmentation and henee myocardial degeneration can be ex- 
pressed in terms of percentage, normal being 1,000. 

further studies will be n cessary to classify these cases into markedly 


devenerated hearts. moderately degenerated, slighted degenerated, ete. 


REFERENCES 


a d: Text Book of Pathology, p. 356. 
-. Sijous: Eneyelopedia 5: p. 294. 
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AN ANTISEPTIC DISPENSER OF LIQUIDS FOR 
MOISTENING COTTON OR SPONGES* 


GeEorRGE G. Lirrue, M.E., ann THomas B. Macatru, M.D., Rocuester, MINN. 


ECAUSE of the numerous requests for a description of the alcohol dispenser 

for moistening cotton or sponges, which has been in use in the bleeding 
rooms in the Division of Clinical Pathology at the Mayo Clinic for the past 
eleven years, this description is submitted. 

The apparatus (Figs. 1 and 2) consists of a small, circular basin supported 
at the upper end of a vertical delivery tube that reaches down to, and con 
nects with, a piston head in the pump cylinder. The tube guides liquid out of 
the eylinder upward to the basin. 

Directly below the basin is a return spring within a telescoping chamber 
which rests on the top of the rubber stopper. A connecting tube, secured to 
the lower end of the spring chamber, extends down to the cylinder head to 
which the eylinder is secured and by which it is supported. 

A threaded sleeve secured to the lower end of the spring chamber sup 
ports an adjustable stop collar which can be set for a proper distance below 
the basin to assure delivery of a desired amount of liquid to the eotton or 
sponge. 

In action, when the container is filled with liquid, the return spring holds 
all movable parts in their normal positions. A sponge is placed in the basin 
and enough pressure applied to cause the basin, its supporting tube and the 
piston to be depressed toward the lower end of the cylinder, the tube pushing 
the piston head down past the filling holes, closing off the liquid contained in 
the cylinder and forcing the liquid up through the delivery tube to the basin 
where it comes in contact with the sponge, as required. 

A vent hole in the side of the connecting tube, near the upper end of the 
cylinder, permits the breaking of any vacuum that tends to form in the upper 
part of the container as the liquid is used. 

The complete apparatus is removable for the purpose of refilling the 
tainer. 

The upper portion of the spring chamber is secured permanently to tlie 
lower side of the basin. The delivery tube is threaded into the piston head 
and hard-soldered to the neck of the basin. The connecting tube is haid- 
soldered into the lower end of the spring chamber but is threaded into ‘he 
eylinder head. The knurled adjustable stop is secured in position on its 
threaded sleeve by a twenty-four pitch thread, with enough friction to keep 
it in place while in use. 


An ordinary large-mouthed bottle serves as a container, with the rul 


stopper serving as a support to hold the cylinder out of contact with 
bottom of the container. 


*From the Division of Clinical Pathology, Section on Parasitology, The Mayo Clit 
Received for publication, September 15, 1936. 
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All metallic parts are brass, nickel plated, except the spring, which is 4¢ 


inch in diameter, music or spring wire formed, but not retempered. 


The cotton or sponge is quickly and efficiently moistened with alcohol or 


other antiseptic and the exact amount desired to be delivered can be prede- 
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Fig. 2. 


ig. 1.—Seale drawing of the apparatus. 


‘ig. 2.—Photograph of the apparatus. 
ned and maintained. The use of the apparatus has facilitated the rapid 
ng and skin testing of many patients and has reduced to a great extent 
Jume of alcohol used. One of these instruments has been in constant 
rr eleven years and two others for seven years each; the only repairs 
been replacement of the spring of each one. 





THE OXIDATIVE MICRO-ESTIMATION OF PLASMA 
TOTAL LIPID* 


E.pon M. Boyp, M.D., Kinasron, CANADA 


N 1928, Bloor? published a method for the microdetermination of total fatty 

acids and total cholesterol. It was implied in this paper that the sum ot 
the total fatty acids plus the total cholesterol represented the total lipid 
Such an assumption has been recently included in certain reference and text 
books, for example that of Beaumont and Dodds.’ This assumption, however, 
is not quite correct and approximates the truth only in eases where there is 
very little of phospholipid present in the extracts analyzed. 

The method of estimating ‘‘total lipid”’ in this technic is as follows: Th: 
lipids are extracted from blood or tissues with alcohol-ether, an aliquot is 
saponified, then acidified and extracted with petroleum ether. The petroleun 
ether is evaporated off and the residue of lipids oxidized completely wit! 
chromie acid. The number of cubie centimeters of 0.1 N potassium dichromate 
required for the oxidation is divided by 3.7 and the result indicates the milli 
grams of. ‘‘total lipid’’ in the aliquot analyzed. The factor 3.7 is derived from 
the fact that ordinarily the cholesterol content of plasma is one-half the total 
fatty acid, the factor for total fatty acid is 3.6 and for cholesterol 3.92 and 
hence the factor for ‘‘total lipid’? was calculated as 3.7. It is a facet that 
ordinarily there is a fairly constant relationship between plasma total fatt) 
acid and plasma total cholesterol and between the sum of these and the total 
lipid. This relation is much less constant in tissues. 

The factor 3.7 has been found experimentally in the present work to be 


too high. This may be explained on theoretical grounds. The total lipid 


plasma, as we understand it today, is composed of total fatty acid plus total 


cholesterol plus glyceryl linkages of neutral fat and of phospholipid p 


} 


phosphoric acid and nitrogenous groups in the phospholipids. These lati 
two groups are entirely left out when total lipid is caleulated as the sum 
the total fatty acid plus total cholesterol. 

The factor for converting the titration of the total fatty acid plus t 
cholesterol in the Bloor technic into total lipid values was determined exper'- 
mentally in 406 plasma extracts. The total lipid of these extracts was det 
mined by the author’s method® as the sum of the individual lipids estima 
by direct analysis. The estimation of total lipid by this procedure requ 
the calculation of 10 different lipid values in each extract so that over 4 
values in all were determined. The estimation of total plasma lipid by 

*From the Department of Pharmacology, Queen’s University. 

Received for publication, September 30, 1936. 
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summation method requires much more work than its estimation from the 
total fatty acid-total cholesterol titration. The summation method, however, 
provides at the same time the individual lipid values. 

The method used to obtain the conversion factor was as follows: The 
total lipid content of 100 ¢.c. of plasma was found by summation of individ- 
ually estimated values. The total fatty acid-total cholesterol titration was 
couched in terms of cubie centimeters of 0.1 N potassium dichromate and the 
value of this per 100 ¢.c. of plasma calculated from the aliquot used and the 
dilution of the original extract. The resulting titration figure was divided 
by the previously found total lipid value, thus giving the factor by which the 
total fatty acid-total cholesterol titration required to be divided to produce 


the total lipid. 
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FACTOR 


1.—The frequency distribution of 406 experimentally determined values for converting a 
total fatty acid-total cholesterol titration into total lipid of plasma. 


When this work was originally undertaken, it was anticipated that there 
ld be so much variation in the factor that this simple method of approzi- 
ng the total lipid of plasma would be subject to too much error. It was 
d, however, that the great majority of the determined factor values fell 
in a comparatively narrow range. Factor values between 3.1 and 3.4 were 
d in 336 of the 406 cases or 83 per cent in which the variation in the fae- 
and hence in the total lipid value calculated therefrom, was less than 10 
‘ent. The mean factor value of the 406 cases was 3.25 and the standard 
‘viation (caleulated as by Boyd*®) was 0.15. The frequency distribution of 
‘xperimentally determined factor values is shown in Fig. 1. 
lt is thus obvious that by use of the Bloor technic? and of the conversion 
r 3.25 a value for the plasma total lipid is obtained which is sufficiently 
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accurate for clinical purposes. The question arose as to whether there is any 
consistent change in the factor as the percentage of lipids increases in plasma. 


To ascertain this, the cases analyzed were grouped according to their total 
e om ton 


lipid values (determined by summation), and the average factor in each of 


such groups was calculated. The results of this are given in Table I. The 
lowest average value for the factor was in the group of patients having a 


plasma total lipid between 100 and 299 mg. per cent, and the highest value 


TABLE I 


THE RELATION OF THE ToTaL Lipip Factor To THE AMOUNT OF ToTAL Liprp PRESENT IN 
EXTRACTS OF HUMAN PLASMA 


RANGE OF TOTAL LIPID 


NO. OF CASES AVERAGE CALCULATED FACTOR 
(MG. PER CENT) 


100- 299 34 
300- 399 D1 
400- 499 x? 
500- 599 gv 
HO0- 699 
TOO- 799 
SO0- 899 
900- 999 
1000-1099 
1100-1300 
1300-1500 


was in the group with total lipids between 1,300 and 1,500 mg. per cent 
For all practical purposes, it may be seen from Table I that the use of the 
mean factor of 3.25 will not materially affect the approximate total lipid 


value at any range. It should be emphasized that the factor 3.25 is for plasma 


only and for human plasma, not for whole blood, red blood cells or tissues 


; 


In most tissues other than plasma, there is so much variation that the use 
a common factor admits of too great an error. 

By use of the conversion factor of 3.25, a rapid method of ealeulating 
plasma total lipid is thus available. The entire procedure occupies less than 
two hours from the time the plasma is in the hands of the analyst. A good 
deal of time may be saved by the author’s recent finding* that heat is un- 
necessary in the preparation of plasma extracts, provided a sufficient dilution 
in aleohol-ether be employed. Briefly, 3 ¢.c. of plasma are run slowly aim 
with shaking into about 75 ¢.c. of aleohol-ether, and the extract immediate!) 
filtered or let stand if desired; heat is not required. The combined filtrate 
and washings are made up to 100 ¢.c. which gives sufficient extract for qu: 
ruplicate estimations of total lipid or, if desired, for separate determinat 
of all the individual lipids by the author’s technic.* Ordinarily 25 c¢.c. of 1 
extract are used for the estimation of total lipid (from the total fatty a: 
total cholesterol titration), but if the plasma is suspected of being lipemi: 
smaller aliquot is selected. Saponification, extraction and oxidation are t 
employed as in the method of Bloor.* It has been found unnecessary 
tightly stopper the flasks once they are in the oven; they are well shaken 
loosely stoppered before heating and need not again be handled until 
pletely oxidized. Certain areas in an oven will often be found warmer 
others, and this has to be determined when an oven is employed for the 





be 

pre 
em} 
pre 
poli 
Klin 
and 
has 


_— 


Scho 


the ] 


DAVIES: MICROFLOCCULATION TEST FOR SYPHILIS 959 


time. The ecubie centimeters of 0.1 N potassium dichromate required to 
oxidize the total fatty acid plus total cholesterol are then divided by 3.25 and 
by 0.75 and multiplied by 100 to give the milligrams of total lipid per 100 c.e. 
of plasma (this if 25 ¢.c. of a 3 in 100 extract be used; the figure 0.75 must be 
ehanged if other proportions are used). 


SUMMARY 


The factor 3.7 as used to convert a total fatty acid-total cholesterol titra- 
tion into total lipid by the Bloor oxidative method has been shown theoreti- 
cally and experimentally to be too high. In 406 extracts of human plasma the 
average factor was found to be 3.25, and this did not vary appreciably with 
the total amount of lipid present. 
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A MICROFLOCCULATION TEST FOR SYPHILIS* 


JoHN A. V. Davies, M.D., Boston, Mass. 


HE advantages of an accurate test for syphilis which requires only small 

amounts of blood are readily apparent and have already been pointed out 
by others, notably Kline,’ Chediak,? Rein and Le Moine,* and Kahn.* These 
obvious advantages are further enhanced if the necessary blood can be ob- 
tamed by skin puncture and the expression of a few drops of blood. Such 
methods lend themselves not only to the procedures of a hospital but especially 
to ont-patient clinics and office practice. The method herein described was 
developed with an eye to its application to pediatric practice particularly. 

When only a small amount of serum is available, a micro-Kahn test can 
be performed on 0.1 ¢.c. or less of serum.* Peterman® has described a micro- 
precipitation test which requires 0.025 to 0.05 ¢.c. of serum. The Kline test?! 
employs 0.1 ¢.c. of serum for the diagnostic and exclusion microscopic slide 
precipitation tests. Rein and Le Moine,* in the laboratories of the Metro- 
politan Life Insurance Company, devised a method of collecting blood for the 
Kline test in glass tubing, measuring 11.4 em. x 0.4 em., tapered at one end 
and stoppered by a rubber policeman. In various clinics the Wright’s tube 


has been in use for the collection of blood for microserodiagnostie tests for 


: rom the Department of Pediatrics and the Wassermann Laboratory, Harvard Medical 
Schox the Department of Communicable Diseases, Harvard School of Public Health, and 
the Iniants’ and Children’s Hospitals. 





960 THE JOURNAL OF LABORATORY AND CLINICAL MEDICINE 


syphilis. Chediak? offers a flocculation test which requires only a drop of 
dried defibrinated blood. Recently a micromethod based on the Meiniceke 
clarification reaction has been presented.® 

After a careful survey of the various serologic tests for syphilis which 
appeared both accurate and practicable, the Hinton floeculation test was 
selected as the one on which to experiment with a micromethod which would 
require only small amounts of serum. There appears to be a growing agree 
ment that in most hands flocculation tests give more reliable results’ than 
complement fixation methods and they obviate the expense of maintaining sheep, 
rabbits and guinea pigs, which the latter methods require. Moreover, con 
firmation of the previous excellent showing of the Hinton flocculation test 
came when, in 1935, the U. S. Public Health Service published the results’ of 
the evaluation of serodiagnostie tests for syphilis as carried out by the labo 
ratories where these tests or their modifications originated. In all, thirteen 
laboratories participated. Analysis of the results of the tests on over 1,000 
blood specimens examined showed that the Hinton test was surpassed in sen- 
sitivity only by the Ruediger complement fixation test (86.6 per cent and 
88.2 per cent, respectively). In specificity, or in its ability to exclude syphilis 
in blood specimens from normal, presumably nonsyphilitic individuals, the 
Hinton test had an accuracy of 99.3 per cent. The Kahn flocculation test had a 
sensitivity of 80.5 per cent and the Kline test 76.6 per cent, though Rein, per- 
forming the Kline exclusion test alone, improved somewhat on these figures. 

The Hinton flocculation test recommends itself not only because of its 
outstanding sensitivity and high degree of specificity, but also because of its 
simplicity of performance, the ease with which the results are read, and in 
the stability of the antigen or ‘‘indicator.”” Once prepared, the latter can be 
kept in the refrigerator for several months without demonstrable deterioration, 
and this stability promotes a more uniform degree of accuracy. The antigens 
used in most of the other flocculation tests must be freshly prepared and do 
not maintain a fixed potency for more than two or three days. 

In view of these practical advantages possessed by the Hinton test, 
author modified it in such a way that 0.2 ¢.¢. of serum could be used for a 
microtest and, in addition, only 0.05 ¢.c. for a capillary test. Both tests 
employ the regular Hinton ‘‘indicator,’’ or antigen emulsion, and the reaction 


which takes place is essentially the same as that in the Hinton flocculation 


test. By centrifuging the incubated mixture before reading the results, ad- 


‘ 


vantage is taken of the fact that the ‘‘positive’’ floccules in the Hinton reac- 
tion rise to the top of the tube and tend to aggregate at the meniscus, wliere 
they are readily detected when present. 

Although similar in essential points, the microtest and the capillary test 
will be described separately. For details as to the preparation of the Hinton 
‘‘indicator,’’ reference is made to Hinton’s own article.* 

A. The Author’s Micro-Hinton Test (0.2 c.c. of serum).—To obtai the 
blood specimen, the following materials are used: 

1, Aleohol (70 per cent) and sponges. 

2. A sharp V-shaped olade, such as a Bard-Parker No. 11. 
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3. Long Wright’s tubes with capillary tips. The body of the tube should 
be about 6 em. long and the internal diameter 0.4 to 0.45 em. The tubing is 
first carefully cleaned with sulphuric-bichromate solution, rinsed thoroughly 
in tap water and finally with distilled water and dry sterilized before being 
drawn into Wright’s tubes. 

4. Aleohol lamp or other source of flame. Methenamine (urotropin) 
tablets give a hot, smokeless flame. 

D. Sealing wax. 

6. Corked test tubes and labels. 

With these materials at hand, moisten the finger of the adult or the ball 
of the great toe of the infant with aleohol and prick the skin fairly deeply 
in one or two places with the sharp V-shaped blade so as to induce the flow 
of blood on slight pressure.* Wipe off the alcohol from the site of the pune- 
ture with a sterile dry sponge and, holding the Wright’s tube horizontally 
or at a slight inclination, apply one tip to the presenting blood droplets, and 
the blood will enter the tube by capillary attraction. Care should be taken 
not to allow the column of blood to break and run down one side of the tube, 
since this prevents the egress of air from the other tip and no more blood will 
enter. Fill the tube about three-fourths full. Warm the unfilled portion of 
the tube in the flame so as to expand the contained air, seal the tip in a flame, 
cool in sealing wax or air, shake or tap the blood down into the sealed end 
and seal the original tip in a flame or with a generous cap of sealing wax. 
Avoid overheating any part of the blood except that unavoidably charred in 
the tip. Label and place in a test tube container. 

In the laboratory, the following materials are employed: 


1. Small test tubes, approximately 0.7 em. by 8.0 em., and racks, 


Pipettes graduated every 0.05 ¢.c. up to 0.2 ¢.e., with capillary tips. 
o. Ordinary 1 ¢.c. pipettes with 0.1 c.e. graduations. 
. Ordinary 5 ¢.c. pipettes with 0.5 ¢.c. graduations. 
Aleohol lamp or other flame. 
» Sealing wax. 
. Triangular file. 
Microburner, with or without oxygen, or ordinary Bunsen burner. 
Microscope. 
56° and 37° C. water-baths. 
. Centrifuge. 
2. Centrifuge tubes with cotton packed into the tips. 
Regular Hinton indicator. 
Physiologic saline solution. 
Rubber tubing with mouthpiece, such as used with blood counting 


pipettes. 


laving ascertained that the Wright’s tube containing the blood specimen 
is well sealed at the tip, this tip is placed downward in a numbered centrifuge 
tube and centrifuged at high speed for ten minutes. Should the serum not 
Separate well in this length of time, file the tube, break it open, and loosen 


the clot with a toothpick or wire. Recentrifuging will then separate the serum. 


the case of the infant, the flow of blood from the toe can be improved by preliminary 
mass by immersion of the foot in warm water, and by holding the foot in a dependent 
bositi over the edge of the examining table or bed. In our experience, the heel or the ear 
of an fant has not been a satisfactory site for puncture. A Hagedorn needle and a dull blade 
are b inefficient and unnecessarily painful. 
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Pipette 0.2 ¢.c. of serum, using the pipette with a capillary tip, and place 


0.1 ¢.e. of serum in each of two small test tubes. The pipettes should be rinsed 
three times with physiologic salt solution between serums, and dry sterilized at 
the end of the day. Relative cleanliness and treedom from bacterial con 
tamination of the pipettes and test tubes is important. Inactivate the serum 
at 55° to 56° C. for thirty minutes. Add to one tube 0.1 ¢.c. of regular Hinton 
indicator and to the other 0.5 ¢.c. Should less than 0.1 ¢.c. of serum be avail- 
able for the second tube, a 1:5 ratio of serum to indicator may be maintained 
with smaller quantities. Mix by tapping in an inclined position and incubate 
at 37° C. in the water-bath for sixteen hours. 

After incubation, place the tubes in the properly numbered centrifuge 
tubes and centrifuge at high speed for five minutes. Read directly or in the 
coneave mirror of a microscope. A positive reaction consists of clearing of the 
liquid, with definite floccules at the meniscus in either tube. Barely visible 
granules and amorphous, stringy material are of no significance. Strong) 
positive reactions may cause the floccules to collect into a firm dise at the 
meniscus. In case of doubtful reactions, shake the tube moderately and _ re- 
centrifuge. Positive floccules will then re-form and nonspecific aggregates due 
to bacterial or other contamination tend to disperse. A small proportion of 
specimens give a positive reaction only in the second tube. A negative reac- 
tion consists in the absence of clearing of the liquid and absence of floccules at 
the meniscus in both tubes. A doubtful reaction consists in a questionable in- 
erease in the size of the granules originally present in the ‘‘indicator.’’ 

B. The Author’s Capillary Hinton Test (0.05 c.c. of serum).—To collect 
the blood sample, a capillary glass tube is used instead of a Wright’s tube. 
This capillary tube measures 11.5 em., or slightly less, in length and about 
1.25 to 1.5 mm. in inside diameter.* After filling the tube with blood from 
a finger or great toe to within about 2 em. of the opposite end, this empty 
end is sealed in a flame or with a generous cap of sealing wax, labeled with 
an adhesive sticker, and placed in a protective test tube. 

In the laboratory, the capillary tube is centrifuged toward the sealed end 
at high speed for five minutes. With the serum separated from the clot, the 
tube is broken just above the level of the blood cells, and the serum is run 
into another capillary tube. A little practice with a graduated pipette will 
give the operator’s eye skill in approximating the 0.05 ¢.c. of serum which 
is recommended for the capillary test. (The exact amount is not important. 
This tube is sealed at one end with melted sealing wax or in a flame, placed 
with the sealed end downward in a properly numbered test tube filled wit! 
water at 56° C., and the serum is inactivated in a water-bath at 56° C. for 
thirty minutes.t The capillary tube is removed, the seal broken, and a small 
amount of serum (approximately 0.01 ¢.c.) is run into a second eapillary tube. 
To the first tube, containing the larger amount of serum, an equal quantity 

*Purchased from Friedrich and Dimmock, Millville, N. J. The capillary tubes are c! 
in a manner similar to that used for the Wright’s tubes described above. Recently, som 
shorter and wider glass tubes fitted with rubber caps have been employed successfully f 


collection of the blood samples and for carrying out the tests. 


tHaving separated the clot from the serum by centrifuging the blood sample, serur 
clot may be inactivated together, thus saving one step. 
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(as estimated by the length of the column) of Hinton indicator is added, 
taking care to avoid an air bubble between the two liquids. These are now 
thoroughly mixed by tilting the capillary tube back and forth so that the 
liquid runs from one end to the other about ten times.® Leave a short column 
of air at each end of the tube, and seal both ends carefully in a flame, pref- 
erably a microburner. To the second capillary tube, add about five times as 
much Hinton indicator as serum, mix by tilting, and seal as directed above. 

Place both tubes in the properly marked test tube and immerse in a 37° C. 
water-bath for sixteen hours. Centrifuge at high speed for five minutes. Read 
under the low power of a microscope with the light cut down considerably 
and the stage inclined at about 30 degrees from the horizontal. The condenser 
should be lowered about one-half inch from the level of the stage. A strongly 
positive reaction consists of a firm dise of floecules at the meniscus. Weaker 
reactions consist of well-defined, dense floccules of various sizes floatine at 
the meniscus. These may sometimes be brought under better observation by 
gently tapping and then rotating the tube under the lens. In case of doubt, 
after breaking up the floccules by gentle tapping, recentrifuging causes the 
aggregates of a positive reaction to re-form at the meniscus. Amorphous and 
cloudy material at the meniscus does not represent a positive reaction and 
tends to remain dispersed after recentrifugine. Negative reactions from 
grossly hemolyzed or contaminated specimens should be reported as ‘‘un- 
satisfactory.’’ 


RESULTS 


During the winter of 1935-36, the American Society of Clinical Patholo- 
gists and the U. S. Public Health Service conducted a second evaluation of 
serodiagnostic tests for syphilis as carried out by state, municipal and private 
laboratories.'°. Three hundred ‘‘unknown’”’ blood specimens were sent out in 
small lots, approximately two hundred of them from syphilitic patients in 
various stages of the disease. The rest were from presumably nonsyphilitic 
individuals, some of them suffering from other diseases. In this series the 
author’s micro-Hinton tests and his capillary Hinton tests gave identical 
results and received a sensitivity rating of 91.9 per cent and a specificity rating 
of 100 per cent. The control Hinton series had a sensitivity of 88.8 per cent.* 

Krom February, 1935 to September, 1936, over 468 micro-Hinton and 
capillary Hinton tests have been carried out at the Infants’ and Children’s 
Hospital in Boston, most of them in a routine way and, with few exceptions 
(parents and blood donors), on blood obtained by skin puncture from infants 
and children. The positive tests on the newborn infants of syphilitic mothers 
were placed in a special category, because they may be influenced by the factor 
of placental transmission of reacting substances. This group is being made 
the hasis of a separate study. It was possible to check the accuracy of 372 
of these tests against the clinical diaenosis and either the regular Hinton, the 
Wassermann, or, in a few instances, the Kahn test. In infants under ten 


s of age, the x-rays of the long bones sometimes provided another check. 


\ full report of the results of this evaluation series was published in the January, 
sues of the American Journal of Public Health and the U. 8S. Public Health Service 
on, Venereal Disease Information. 
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TABLE I 
RESULTS OF Micro-HINTON AND CAPILLARY HINTON TESTS COMPARED WITH THE CLINICAI 
DIAGNOSES AND THE RESULTS OF OTHER TESTS 


NEGATIVE POSITIVE DOUBTEUI TOTAL 
Microtest and capillary test 302 62 372 
Clinical agreement 301 57 3 361 
Clinical disagreement i* ay § 11 
Agreement with other tests* M4 57 > 193 


Disagreement with other tests* I! Ae ‘ ; 


a, Under treatment for syphilis. 

b, Patient six days of age Micro-Hinton positive at seven weeks, 

c, Pneumonia, scarlet fever, lung abscess, phlyctenular conjunctivitis, and ratbite feve 
The last gave a positive Hinton reaction as well. 

d, Two from patients with deferred diagnoses, three from nonsyphilitic 

e, Micro Hinton proved correct. 

f, Hinton negative. 

g, Wassermann, Kahn, regular Hinton, or, in infants, x-rays of long bones. 


Congenital syphilis 


patients 


The reactions agreed with the clinical picture in all but eleven cases, five 


of them apparently being false positive reactions, five doubtful, and one false 


negative. The last occurred in an infant aged six days,* that at seven weeks of 
age developed a positive micro-Hinton test and clinical evidence of syphilis 
One of the five false positives came from a case of ratbite fever (a spirocheta! 
disease), the Hinton test also being positive. The other four were slight reac 
tions, misinterpreted as positive, and came from febrile children. There were 
eight doubtful reactions, three from children who had been under treatment 
for congenital syphilis, and three from nonsyphilitie patients. The diagnosis 
in two was not determined. Subsequently, four of the five patients who had 
false positive microreactions were reexamined and gave negative microtests 

For purposes of comparison with the regular Hinton test, capillary Hinto: 
tests were performed on eight serums giving doubtful Hinton reactions on 
blood from adults whose clinical diagnoses were later investigated. Five gave 
definitely positive capillary Hinton tests, one was doubtful and two were 
negative. The doubtful reactor had had a chancre in 1931, and a negative 
Hinton test for three years. One negative reactor had been under treatment 
and observation since 1922 and had had nine negative Wassermann tests. .\! 
the positive reactions corresponded with definitely syphilitic patients. 

Nineteen micro-Hinton and capillary Hinton tests were performed 
serums giving Hinton tests which were hard to read. Five positives, 2 doubt- 
fuls, and 9 negatives agreed with the Hinton test. In 3 others there was 
relative agreement. These were negative micro-Hinton tests from clinic 
nonsyphilitie patients, the Hinton test being doubtful. 

Since the objection has been raised that the Hinton test requires too 
an incubation period for use in emergencies such as blood transfusions, m 
Hinton and capillary Hinton tests were performed in which the serums 
inactivated twenty minutes, incubated with the Hinton indicator for t! 
minutes, and centrifuged ten minutes. In other words, the tests were ea 
out from beginning to end in a little over one hour. In a series of 92 H 
positive and 29 Hinton negative serums, the tests agreed in all but one 
where the microtest was positive and the regular Hinton test negative. (une 


*Roentgenozrams of the long bones negative at the same time. 
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Hinton doubtful serum gave a positive micro-Hinton reaction by the rapid 
method. These results correspond very closely with the relative sensitivity of 
the Hinton and the regular micro-Hinton tests incubated for sixteen hours 


shown in the evaluation series mentioned previously. 
DISCUSSION 


Inasmuch as the author’s micro-Hinton and his capillary Hinton tests 
cave identical results, the choice of method should depend entirely on clinical 
and laboratory convenience. Both tests undoubtedly cannot be performed in 
the laboratory on a large seale as easily as the regular Hinton test, but the 
clinician should soon recognize certain advantages which these methods offer. 
They can be carried out, for example, while the blood donors are being 
matched for transfusion and with the same serum. The blood in the capillary 
tube appears to hemolyze less readily than that stored in the larger tubes. 
For the repeated tests recommended by Dunham!!! and by Faber!” on infants 
born of syphilitic mothers, the capillary method is of great value. A study of 
such infants is being carried out, based on the estimation of the strength of 
the reactions, a rising titer presumably representing actual infection of the 
infant, as suggested by Faber in his work with Wassermann titrations. 

Since the clinical diagnosis of syphilis, particularly in infants and ehil- 
dren, is frequently obscure, it is hoped that the development of these methods 
will, by their convenience to the clinician, encourage the examination of the 
blood in all cases where the diagnosis is not absolutely certain. In our ex- 
perience, mothers do not object to having blood taken from their infants for 
a microtest. In office practice, for example, the specimen of blood can be 
obtained at the time the finger is pricked for a blood count or hemoglobin 
determination. 


SUMMARY 


1. Methods for performing micro-Hinton flocculation tests for syphilis on 
blood obtained by skin puncture have been described. 

2. In an evaluation series of tests on 300 blood specimens sent out under 
the auspices of the U. S. Public Health Service, each method demonstrated 
a Sensitivity of 91.9 per cent and a specificity of 100 per cent. 


+. In a larger number of tests conducted in the routine of an infants’ and 


children’s hospital, the method has been found dependable and practicable. 


Kor emergencies, the tests appear to give accurate readings in one hour. 


\cknowledgment is hereby made of the valuable assistance of Dr. W. A. Hinton and 
ienevieve O. Stuart. 
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A COMBINED MICRODETERMINATION OF CALCIUM AND 
PHOSPHORUS IN BLOOD SERUM* 


JONAS KAMLET, B.Sc., BROOKLYN, N.Y. 


HE determination of blood serum calcium is usually of clinical significance 
only in conjunction with the simultaneous evaluation of serum phosphate 
By methods at present in use in clinical laboratories, from 3 to 5 ¢.e. of serum 
are required for these two tests. The following procedure enables the com 


bined determination of caleitum and phosphate in 1 ¢.c. of serum. In principle, 


it involves precipitating blood serum calcium as calcium oxalate (as in the Clark 


Collip modification of the Kramer-Tisdall method!) and titrating the latter with 
standard permanganate solution in the presence of acid. The residual diluted 
serum from the ealeium determination is deproteinized with a dilute tri- 
chloracetie acid solution and inorganie phosphate is determined in the filtrate 
thereof by a modified Kuttner-Cohen procedure.* 


Reagent Solutions Required.—( All chemicals of C.P. grade. ) 


l. 1 per cent ammonium oxalate solution. 

2. Dilute ammonia water. Dilute 20 ¢.c. of 28 per cent aqua ammonia to one liter \ 
distilled water. 

3. Sulphuric acid, approximately normal. Add 28 ¢.c. of concentrated sulphuric 
66° Bé) to 970 e.e. of distilled water. 

t, Standard 0.005 N potassium permanganate solution. Store in an amber col 
glass-stoppered bottle. Restandardize every week. 1 ¢.c. equivalent to 0.1 mg. ealciun 

5. Molybdie-sulphuric reagent. Dissolve $7.5 gm. of P-free sodium molybdate 
solution of 140 ¢.c. of concentrated sulphuric acid in 800 ¢.c. of water. Dilute to 1 
and mix. 

6. 2.3 per cent trichloracetic acid. Dissolve 23 gm. of trichloracetie acid in 200 « 
water and dilute to 1 liter. 

7. Phosphorus standards. Dissolve 1.0450 gm. of pure, dry KH,PO, in water to 
one liter of solution. Add 1 e.c. of chloroform to preserve. 1 ¢.c. contains 0.2382 1 
phosphorus. To make the working phosphorus standard, dilute 10 ¢.c. of this stock to 1 


1 e.c. of the working standard contains 0.00238 mg. of phosphorus. 
*From the Department of Laboratories, Israel-Zion Hospital. 
Received for publication, September 14, 1936. 
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8. Stannous chloride solutions (according to Kuttner and Cohen2), Dissolve 10 gm. 
of stannous chloride in 25 e¢.c. of concentrated hydrochloric acid. Store in an amber colored, 
vlass stoppered bottle. Dilute 1 ¢.c. of this stock to ZOU c.c. with water. The dilute reagent 


should be renewed every tive days. 
Calcium Determination: 


l. Into a conical centrifuge tube of 15 e.c. capacity, introduce | ¢.c. of serum and 2 ¢.e. 
l per cent ammonium oxalate. Mix thoroughly and let stand for fifteen minutes, 

2. Centrifuge at a high speed for five minutes and carefully pour off the supernatant fluid 
into a test tube to be used subsequently for the determination of inorganic phosphate. Invert 
the centrifuge tube on a piece of filter paper and let drain for two minutes. 

4. To the sediment add 2 ¢.c, of dilute ammonia water, breaking up the mat of caleium 
oxalate by shaking. Recentrifuge and decant supernatant fluid from sediment. Drain on a 
piece of filter papel for five minutes, 

$. Add 2 cc. of N H,SO, and break up the mat of caleium oxalate as before. Place 
in the boiling water-bath for two minutes. 

5. Titrate the hot solution with standard 0.005 N KMnO, solution until a faint pink 
tinge persists. Do not allow the temperature of the solution to fall below 70° C, by rewarming 
in the water-bath as often as is necessary. A 2.0 c.c. buret accurately calibrated to 0.01 c.e. 
should be used for the titration. 

6. For a blank control, titrate 2 ¢.c. of dilute sulphuric acid warmed as above until a 


faint pink tinge persists for thirty seconds or longer. 


Calculation.—(c¢.e. of O.O0O5N KMnO, used for titration minus ¢.c. of O.OO5N 
K MnO, used for blank) multiplied by 10 = mg. of calcium per 100 ¢.c. of serum. 


Inorganic Phosphate Determination: 


l. To 2 «ec. of the residual diluted serum from the calcium determination add 12 e¢.c. 
of a 2.8 per cent trichloracetic acid solution. Mix and filter through an ashless (P-free) 
filter paper. 

2. Pipette 7 cc. of the clear filtrate equivalent to le ec. serum) into a 6 by L inch 

test tube. Into a similar tube pipette 7 ¢.c. of working phosphorus standard. To both add 

2 ‘. of molybdic sulphuric reagent solution and immediately thereafter 1 ¢.c. of dilute 
nnous chloride solution. 

3. Mix and compare in the colorimeter after sixty seconds, 

Reading of standard 


: = x mg. inorganic phosphorus per 100 ¢.c. of serum. 
Reading of unknown 


Set unknown at 25 mm, and divide reading of standard by five. 

This procedure has been used by the author for the past vear. A series of 
65 comparative analyses were conducted on serums ranging in calcium content 
from 7.1 to 16.6 mg. per cent and in phosphorus content from 2.68 to 6.62 me. 
per cent. The maximum variations between the above method and the results 
obtained by the Clark-Collip method were plus 0.3 mg. and minus 0.3 mg. with 
an average difference of plus 0.032 mg. The maximum variations between the 


above method and results obtained by the Kuttner-Cohen method were plus 


0.10 mg. and minus 0.06 mg. with an average difference of plus 0.02 mg. 
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A MICROMETHOD FOR THE DETERMINATION OF 
BLOOD CHOLESTEROL* 


MicHen Pisoan, M.D., AND Cart W. Water, M.D.. Boston, Mass. 


HE interpretation of blood cholesterol values has been uncertain, in part, 

because of the technical difficulties encountered in routine clinical analysis 
Grigaut! first developed the colorimetric method based upon the Liebermann 
Burchard** reaction. Autenrieth and Funk,* Henes,? Myers and Gorham," 
Csonka,’ Gettler and Baker,’ Bernhard,® and Bloor’ have modified the ex 
traction method of cholesterol from blood in an attempt to produce color 
reactions suitable for colorimetry. The use of ether and alcohol as a solvent 
for the extraction of cholesterol, originally proposed by Roese and Gottlieb,” 
and subsequently applied by Bloor! to blood, has been established by Fow 
weather’ as preferable to dry extraction. Despite the use of meticulous tec! 
nie in this method, routine determinations are hampered by the development 
of extraneous brown, purple or yellow colors which modify the characteristic 
green color, rendering visual colorimetry difficult or inaccurate. In 1934, 
Schoenheimer and Sperry't demonstrated that the chromogenic substances. 
present in the fractions of extracts in small amounts of blood, could be ex 
eluded if cholesterol were isolated as a digitonide. This communication pre 
sents an accurate, rapid and relatively simple procedure for the determination 
of the total cholesterol in small amounts of blood without using digitonin pr 
cipitation. Only 0.1 ¢.c. of serum or whole blood is required, and it is pos 
sible, therefore, to utilize fingertip blood for the analysis. 


GENERAL CONSIDERATIONS 


The green color of the Liebermann-Burchard reaction is transient, 
taining its maximum intensity after a variable interval; is photosensitive; 
and has its maximum optical density at A 6600 ». Simultaneous reactions due 
to the lipoids which are present yield colors which would affect the adsorpt 
curve of the blue green color at other wave lengths. It is, therefore, of 
portance to observe the intensity of the blue green color at its maximum opt 
density at the wave length of 6600 un. 

The ‘‘fading’’ of the blue green color, which has been repeatedly 
served, introduces the question of the optimum time for the determinatio: 
the color present. In Chart 1 the adsorption curves are drawn to repres 
their change with time at room temperature (25° C.). 


' . 1 ,; 
Curve 1 illustrates a A D (D = log 10 -— of 0.42 at 6600 »; four n 


utes later Curve 2 was obtained in which the A D was 0.36. After tw: 
minutes the color had faded so that the A D was 0.22, and after twenty) 
*From the Surgical Laboratory of the Peter Bent Brigham Hospital. 
Received for publication, September 23, 1936. 
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minutes the A D was 0.20 at A 6600 jp. 


blue ereen color of the Liebermann-Burehard reaction is unstable. 
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It is thus evident that the optimum 
The point 


of maximum optical density of this reaction cannot be determined quanti- 


tatively by means of simple color comparison.* 


The 


measurement 


of the evanescent 


color due to cholesterol is further 


complicated by the fact that the extracts of blood are often brown or purple, 


especially when they have dried too long or at too high a temperature. 


extraneous colors are often deep and 


wave leneths which alter the color of 


errors in optical color comparison. 


These 
exhibit maximum optical densities at 
the solution and yield indeterminable 


A filter transmitting light between A 6300 » and 6600 » excludes these 


colors. The advent of the Eveivn 


colorimeter 


' permits the application of 


the foregoing facts to a simplified technic for the determination of cholesterol 


in small quantities of whole blood. 


The extraneous colors can be accurately 


excluded; a color standard is unnecessary; the transient color of the Lieber- 


mann-Burchard reaction can be measured at the time of its maximum intensity. 
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METHOD 


Reagents and apparatus: 
l. Ethyl alcohol 


Ether, anhydrous 


95% 
3. Chloroform, anhydrous 
4. Acetic anhydride, C.P. 
5. Concentrated sulphuric acid, C.P. 
6. Folin micropipettes, 0.1 ¢.c. 
7. Evelyn colorimeter and tubes 


8. Centrifuge tubes 


PROCEDURE 


Mix 


ruge 


6 c.c. of 95 per cent ethyl alcohol 
Add 0.1 ¢.e.+ 
and shake vigorously for one minute. 
of 
ecant the supernatant fluid into a stand 


tube. 


ution the sediment 


and 


of whole blood, drop-wise from a Folin micropipette. 


for thirty minutes (Sackett!6), 


ard Evelyn tube. 


2 ec. of anhydrous ether in a clean, dry 
Cork 
Let the tube lie semihorizontally with an even 
Centrifuge for three minutes 


Evaporate to dryness in an 


*Confirmed by personal communication from the Color Measurements Laboratory, Massa- 


ts Institute of Technology. 


0.2 cc. can be used. 
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incubator at 57° C., inclining the tube at an angle of 15° and using a current of warm, dry 


air to hasten the process, Add 10 e.c. of anhydrous chloroform, 4 ¢.c. of acetic anhydride, 
and 0.1 «.c. of coneentrated sulphuric acid. Place the tube in an electrie refrigerator (Temp. 
O° C. to + 5° C.). At the end of forty-five minutes remove the tubes and read, using a filter 


Corning Glass) transmitting light from A’ 6300 HM and A 6600 wu. Several readings should be 
tuken in order to ascertain if the color has developed to its maximum intensity. The results 


can be charted as a calibration curve or as a table (Table 1 


TABLE 1 


BLoop CHOLESTEROL VALUES FOR GALVANOMETER DEVIATIONS From BLANK READING. A 
SOLUTION OF ACETIC ANHYDRIDE AND CHLOROFORM IS USEp AS A BLANK, AND 
THE GALVANOMETER ADJUSTED TO 100 


GALVANOMETER CHOLESTEROI! GALVANOMETER CHOLESTEROL 
DEVIATION MG. PER CENT DEVIATION MG. PER CENT 

1S 100 O7 932 
19 390 68 yy spd 
50 380 69 214 
ol 372 70 206 
a2 o62 71 200 
53 352 12 192 
D4 42 72 184 
55 334 74 178 
56 328 75 72 
57 318 76 164 
58 308 77 158 
59 300 7s 152 
60 292 7 144 
61 982 SO) 138 
62 27 S] 132 
63 266 82 124 
64 25S 83 L118 
65 P50 S4 112 
66 240 85 106 

S6 100 


TABLE II 


DETERMINATION OF TOTAL CHOLESTEROL IN SERUM BY SCHOENHEIMER AND SPERRY, BLoor, 
AND THE METHOD PRESENTED 


SCHOEN HEIMER BLOOR METHOD NEW METHOD 
SERUM NO ap ues AMOUNT DEVIATION FROM AMOUNT DEVIATION FROM 
' MG. PER 100 MG. PER 100 | SCHOENHEIMER | MG. PER 100 | SCHOENHEIME! 
C.C. C.C. AND SPERRY C.c. AND SPERRY 
l 160 182 +22 164 +4 
2 200 210 110 92 19 
3 182 208 126 186 +4 
} 174 192 +18 180 +6 
5 176 199 +13 178 +2 
6 162 184 +22 160 y4 
7 200 210 +10 198 2 
8 204 209 - 202 2 
i) 146 150 + 4 150 +4 
10 130 140 +10 128 2 
11 192 194 + 2 190 2 
12 120 32 +12 122 12 
13 98 104 + 6 97 1 
14 260 280 L20 262 +2 
15 210 219 + 9 212 +2 


DISCUSSION 


In developing this method several different modifications of technic hav: 
been tested with several hundred known and unknown samples using th: 








in 
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original method of Bloor and the method of Schoenheimer and Sperry, with 
the exception that the Evelyn colorimeter was used in the latter to consid- 
erable advantage. 

A test of accuracy would be a comparison with the Windaus macrograv- 
imetric method the error of which is generally believed to be within the 
limits of +2 per cent.'* Since the digitonin method of Schoenheimer and 
Sperry varies in most instances only +1.4 to -5.4 from that of Windaus, we 
compared our results directly with those of the former. 

Furthermore, recovery within +3 per cent of added amounts of cholesterol 
to blood of known cholesterol content was obtained. This was done on re- 
peated samples. 

The effect of temperature on the color formed by the action of acetic 
anhydride and HeSO, in cholesterol is important. At room temperature the 
original green color changes to a yellow brown. In general, our results tend 
to show that the higher the temperature the earlier the color reaches a maxi- 
mum, and the earlier it fades. Variation of the amount of HeSO, used, like- 
wise, affects the speed of color development; at room temperature the greater 
the amount of HeSO, used, the earlier the development of the blue green color. 

This is entirely in accord with the findings of Schoenheimer and Sperry. 
As a consequence of the effect of temperature on color, we have found re- 
peatedly that a maximum color can be obtained in the cold (refrigerator) in 
forty-five minutes. This procedure obviates the effect of natural temperature 
changes which might take place within the laboratory. 


CONCLUSION 


A simple, rapid, quantitative method for the determination of cholesterol 


in 0.1 ¢.e. of blood is presented. 
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AN APPARATUS FOR MICROTITRATIONS* 


ESPECIALLY ADAPTED FOR THE ESTIMATION OF BLOOD IODINE 


E. M. Warrson, M.D., Aanp A. S. BAarBer. Mep. TEecu., 
LONDON, CANADA 


NALYTICAL procedures involving microchemical principles such as those 
A employed in the estimation of the iodine content of the blood, require equip- 
ment of extraordinary delicacy and precision. In an attempt to fulfill this 
requirement, the titration apparatus described in this paper and illustrated by 
Fig. 1 was devised. 

The buret (A) is constructed from a 0.2 ¢.c. graduated Kahn pipette, bent 
in the form of a U and with the tip drawn out to a fine capillary bore. The 
rubber tube (B) connects the inverted end of the buret with a rubber bulb of 
10 ¢.c. capacity, compression or expansion of which is controlled by the screw 
clamp (C). This contrivance permits of precise regulation of the reagent within 
the buret. The tube (D) which receives the titrating fluid is held by a movable 
support which can be retained at a desired level by the serrations on the upright 
metal rod (FE). 

During the use of the apparatus, the titrations are facilitated by the fine 
glass mixing rod (F’) which is suspended from the loose-fitting plunger of the 
metal air-compression cylinder (@). When a titration is in progress, the de- 
livery of the liquid from the buret is controlled by means of the serew (C) and 
the admixture of the fluid in the tube (D) with that which drops from the tip 
of the buret is obtained by the rapid up-and-down movement of the rod (F’) ac- 
complished by alternate compression and relaxation of the rubber bulb (// 
held between the thumb and fingers. The plunger within the cylinder (@) is 
drawn upward by the suction of the bulb and drops by gravity. The movable 
white glass plate attached to the buret is helpful in making the buret readings, 
and a similar plate behind the tube (D) aids in the recognition of the end-points. 

The glass bulb (7) is an accessory which is employed for the detection of 


iodine in the air, a form of contamination which might be a cause of error in tlie 


*From the Department of Pathological Chemistry, University of Western Ontario, 
Received for publication, September 28, 1936. 
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estimation of minute quantities of iodine. A small quantity of starch solution 
containing potassium iodide is placed in the bulb and a vacuum is ereated by 
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driving out the air with heat. The opening in the bulb is sealed by means of 
i short piece of rubber tubing containing a glass bead. The exit or entry of 
is permitted by sliding the rubber tubing with the thumb and finger slightly 
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to one side away from the glass bead. Im order to test for the presence of 


iodine in the atmosphere, a sample of the suspected air is allowed to enter the 







bulb by this maneuver, and by shaking, the air and reagent are brought into 
Thus the presence of iodine, even in very dilute 





contact with one another. 
concentration, will cause the reagent to turn blue. 






The authors have found the apparatus described above to be useful for the 
estimation of the iodine content of the blood and urine in connection with an 


iodine tolerance test described elsewhere.’ 








REFERENCE 





1. Watson, E. M., and Barber, A. S.: An Iodine Tolerance Test for the Investigation of 
Thyroid Function, Endocrinology 20: 358, 1936. 

















EXPERIENCES WITH THE VISSCHER-BOWMAN TEST FOR 
PREGNANCY* 








eilialiits sehen See ee te Sooty 


ABRAHAM ROSENTHAL, A.B., M.D., New York, N. Y. 










N 1934 Visscher and Bowman! reported a method for the determination of 
pregnancy by directly testing the urine with a number of chemical substances. 
The test was performed by taking 1 ¢.c. of urine and to it adding five drops of 
5 per cent methy! cyanide, five drops of 1 per cent hydrogen peroxide, five drops 
of 1 per cent phenylhydrazine hydrochloride, and five drops of concentrated 
hydrochloric acid and placing in a boiling water-bath for twenty-five minutes. 
If a darkening plus the formation of a precipitate occurred, the test was con- 











sidered positive. 

Thereafter, Mencken? reported a small number of cases in which he had 
tried this test and although somewhat enthusiastic, the poorly controlled experi 
ment apparently yielded nothing definite. We attempted to carry out this 
technique on a series of cases with the Friedman test as a control and also 
ran a series of tests on known pregnant women who entered the Maternit) 
Wards of the Hospital. Although every precaution was taken to carry out this 
procedure exactly as defined by Visscher and Bowman, including the fact that 
reducing substances might even interfere, we feel that we must diseard this 
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test as being of questionable clinical value in the determination of pregnancy. 






Our statistics which led us to such conclusions are as follows: In nineteen 
eases with Friedman controls the test agreed in 57.8 per cent of the cases 
and disagreed in 42 per cent of the cases. On fifty-six known pregnant women 
at term, the test was positive in 64.3 per cent, negative in 36 per cent, and doubt- 
ful in 0.5 per cent. Results similar to our own were also obtained by Schenek 







and Tran.® 
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TARAN: IMPROVED CONGO RED TEST FOR AMYLOIDOSIS 


SUMMARY 
1. A chemical test for pregnancy was performed on urine according to the 
technique of Visscher and Bowman. 
2. Cases were used with Friedman controls and in addition the urine of 
known pregnant women was tested. 
CONCLUSIONS 
The Visscher-Bowman test for pregnancy is of questionable clinical value. 
[I wish to express my appreciation to Miss Laura Amatucei and Mr, Alfredo Alfano for 
their kind cooperation in the performance of this test. 
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A FURTHER IMPROVED CONGO RED TEST FOR AMYLOIDOSIS* 


ALBERT TARAN, B.A., STATEN ISLAND, N. Y. 


{NCE Bennhold' described the Congo red test, an ever increasing number of 
S clinicians have resorted to it in the attempt to determine the presence of 
amyloidosis. The progress made in this field has not been marked since as yet 
no accurate laboratory method has been devised to ensure reliable results in de- 


termining the percentage of absorption of the dye. 

The method as presented by Bennhold proceeds as follows: ten cubic centi- 
meters of a 1 per cent solution of Congo red are injected intravenously in the 
postabsorptive state. Four minutes, and then one hour, later about 10 c¢.c. of 
blood are drawn and allowed to clot. The tubes are centrifuged and the serum 
removed and placed in cups of a colorimeter, whereby readings are made, using 
the four-minute specimen as a standard. He found that absorptions of 60 per 
cent or over were obtained in cases of amyloidosis and that values up to 60 per 
cent were obtained in cases of nephrosis. 

This test has proved of great value in determining the presence and extent 
ot amyloidosis. However, it has fallen short in that it has not yielded accurate 
results in eases where the slightest trace of turbidity or hemolysis was present 
in one or both of the tubes. 

Friedman and Auerbach? solved this problem in part by adding ethyl 
alcohol to precipitate the proteins and extract the red dye. Thus any hemo- 
globin which may have been present was precipitated along with the other serum 
proteins, leaving a clear solution which could be read in the colorimeter. 


*From the Department of Pathology, Sea View Hospital, Oscar Auerbach, M.D., Pathol- 
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Their method consisted of diluting the serum with alcohol in the proportion 
of 1:5. This dilution we have now found to be too great to yield very accurate 
results, especially in cases where only a small amount of dye was present in the 
serum. 

The present method devised in this laboratory has been found to be both 
more practical as well as more accurate in determining the percentage of ab- 
sorption of the dye. Equal parts of serum and acetone are used. Acetone pre 
cipitates the proteins, extracts the dye, yields a clear solution and does not affect 
the intensity of the original color to any great extent. Similar use of acetone 
in precipitating blood proteins was made by Ernst and Forster* in determining 
the ieterie index on serum, and by Dragstedt and Mills* in the bromsulphalein 
test for liver function. 

Method.—Ten eubie centimeters of a 1 per cent Congo red solution are in 
jected intravenously in the postabsorptive state. Four minutes, and then one 
hour, after the injection of the dye, about 10 ¢.c. of blood are drawn and placed 
in clean, dry test tubes. It is now best to wait until clotting and retraction 
take place. Centrifuge the tubes and remove the serum. Take 4 ¢.c. of serum 
from each specimen and add 4 ¢.c. of acetone. Shake the tubes well and centri 
fuge them at a moderate speed for about ten minutes. Removal of the proteins 
may also be accomplished by filtering. The clear solutions are placed in micro 
cups of a colorimeter and compared. The four-minute specimen, acting as a 
standard, is placed at 20 mm., while readings are made with the one-hour 
specimen. 

Calculation: 
Reading of four-minute spec. 


100 (SS -x 100) = per cent absorptio 
Reading of one-hour spec. I it absorption. 


Table I shows the importance of removing hemoglobin from the serum. In 
some cases one-hour specimens were obtained which showed more intense red 
ness than the four-minute specimen, due to a great degree of hemolysis. 


TABLE I 
DIRECT READING . - APTER ACETONE 
OF SERUM PRECIPITATION 
PER CENT ABSORPTION PER CENT ABSORPTION 








PER CENT 
DIFFERENCE 


55 30 25 
40 10 
45 +2; 
35 +15 
45 0 
90 =) 
70 +60 


or 


65 +o 


In order to check upon the validity of the acetone method, we have taken 
unhemolyzed serum and added Congo red to it in various concentrations. These 
were read both before and after acetone addition. Table II gives the results of 
these tests and shows the close correlation obtained. 


Before adopting the acetone in place of the aleohol method, we conducted 


a series of tests to which both methods were applied. The aleohol method was 
found to be reliable only when there was a small percentage of absorption, and 
when there was sufficient dye in the serum which could be read after great dilu- 





TARAN: IMPROVED CONGO RED TEST FOR AMYLOIDOSIS 
TABLE II 
BEFORE ACETONI AFTER ACETONE 
PER CENT 


ADDITION ADDITION 
er] : 7" ; . was DIFFERENCE 
PER CENT ABSORPTION PER CENT ABSORPTION 





tion. In eases of high absorptions, such as 80 per cent or 90 per cent, the 
one-hour specimen was so light in color after dilution that an accurate ecompari- 
son could not be made. Table IIIT gives a comparison between these two methods. 


TABLE III 





ALCOHOL METHOD ACETONE METHOD PER CENT 
t CENT ABSORPTION "ER CENT ABSORPTION DIFFERENCE 
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The best means of proof of the reliability of the acetone method is in the 
correlation between laboratory findings and clinical and postmortem examina- 
tions. The acetone method, on the whole, has been found to check more closely 
with clinieal and postmortem findings. Much work is being done in this hospital 
at present in correlating laboratory and postmortem examinations to determine 
more exactly the percentage of absorption which could be used as a reliable 
diagnostie aid in amyloidosis. 


SUMMARY 


1. An improved Congo red test for amyloidosis is presented. 
2. More accurate results are obtained, according to preliminary unpublished 
data. This method checks more closely with clinical and postmortem findings. 
3. A small dilution of the serum is necessary. 
4. Comparisons are made between the original method and the new acetone 


method, as well as the aleohol and acetone methods. 
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LYMPHOCYTE, A Previously Undescribed Granule Within the, Gall, E. A. Am. J. M. Se. 


191: 380, 1936. 

Description is given of the presence of a motile, refractile globule which is normally 
present in a fairly constant percentage of the lymphocytes of peripheral blood observed in 
wet preparations. The bodies vary in size from a point to about 0.5 micron in diameter and 
They oceur for the 


appear in approximately 34 per cent of the circulating lymphocytes. 
The num- 


most part in normal lymphocytes but have been noted in pathologic cells as well. 
bers of granule-bearing lymphocytes remain quite constant in the same individual from day 
They do not appear spontaneously or disappear in the standing blood spread. One 
or two are observed in a cell, rarely more. The spherule is either mitochondrial nor one of 
the neutral red staining bodies previously described as existing in lymphocytes. It is prob- 
ably neither of a lipoid nature or a portion of the centrosphere. It appears to be a hitherto 
undescribed constituent of the cytoplasm of the lymphocyte. 

The spherules are markedly refractile, appear solid black at one focus and have a 


to day. 


colorless glassy sheen at another in the unstained state. Ordinarily a single granule and 


much less often 2 or 3 are present in one lymphocyte. In several cases of chronic myelog- 


enous and lymphatic leucemia and one undiagnosed splenomegaly with anemia in an infant 
Only 1 or 2 cells among 


there have been observed as many as § in one cell, but never more. 
The char- 


200 to 400 lymphocytes counted in each of these patients displayed this number. 
acteristics of the globular particles were exactly the same as those in the ordinary lympho 
eyte. They were all approximately the same size (0.3 micron). When two granules were 
present in a single cell, as occurred in about 30 to 40 per cent of the spherule containing 
lymphocytes, one was more often much smaller than the other. 

These intracellular inclusions are actively motile. In preparations examined promptly 
They course about usually within the peri 


after withdrawal, their motility is most striking. 
Occasionally they obtrude 


nuclear zone, often under or over the nucleus, in a zigzag fashion. 
toward the periphery of the cell but generally they remain quite close to the nucleus. As 
they approach the nuclear Hof they frequently impinge upon other less motile cytoplasmic 
structures (mitochondria and segregation apparatus) lending to these added impetus and 
receiving in return retardation and deflection of their momentum and course. <As has been 
noted, the motility of the other visible cytoplasmic elements was neither as rapid nor as exten- 


sive as that of the refractile bodies. 


JAUNDICE, Painless, Ottenberg, R. J. A. M. A. 104: 1681, 1935. 


The important diagnosis is between medical and surgical jaundice. 

There is no sure method of distinguishing obstruction from suppression of bile (liver 
cell injury). 

Determining whether the van den Bergh reaction is direct or indirect does not help. 

The icterus index is preferred to the quantitative van den Bergh test for following th 
curve of bilirubinemia. 

Extremely high blood bilirubin most commonly occurs in hepatic degeneration. 

High percentages of blood cholesterol and cholesterol esters point to obstruction, but 
on rare occasions they may occur in hepatic degeneration. 

Low percentage of cholesterol esters points to hepatic degeneration. But a normal o1 
even an elevated percentage does not rule out degeneration. 

A positive galactose tolerance test indicates hepatic degeneration. A normal test doe 
not exclude degeneration. 


In jaundice, tyrosin in the urine points to liver degeneration or malignancy. Large 


amounts point to acute liver autolysis. Its absence has little significance. 
978 


be 


Sh = AR 


REN 


z 

& 
2 

4 





oC. A IE 


oth 


EGAN itn 


ET eC ithe tion <1 2 « 


sete, 


g 
¥ 
i 









ABSTRACTS 979 


In every doubtful case roentgen examinations should be made, particularly of the 
gastrointestinal tract. Gallbladder visualization is of little or no use. 

In surgical jaundice, early operation is important. 

In medical jaundice, protection of liver parenchyma by a suitable diet (and dextrose 


injections when needed) is the essential thing. 


FUNGI, Direct Microscopical Examination of the Skin. Swartz, J. H., and Conant, N. F. 
Arch. Dermat. & Syph. 33: 291, 1936. 


The treatment of scrapings from the skin with 5 per cent potassium hydroxide, fol- 
lowed by washing with water and staining in lactophenol and cotton blue, makes possible the 
easy determination of the presence of fungi. This method of preparing microscopic speci- 
mens for examination is simple in that it adds only two steps to the more common method 
using potassium hydroxide and is effective in that the fungi are definitely stained while the 
various confusing artefacts are eliminated from the picture. 

This is particularly true of the mosaic growth which occurs commonly in preparations 
made with potassium hydroxide. This material does not seem to be the result of treatment 
with potassium hydroxide since it can be found in scales treated with xylene or with chloral 
hydrate and acacia. It was found to be soluble in ether, 95 per cent alcohol, absolute alcohol 
and phenol. It could not be stained with sudan IIT or scarlet red or blackened with osmic 
acid. While fungi were readily stained with lactophenol and cotton blue, mosaic material 
which occurred in the same preparation did not stain and was, in fact, entirely eliminated. 
In the presence of polarized light there was no evidence that the mosaic material was com- 
posed of crystalloid forms. 

Whatever the nature of the mosaic growth the authors feel that they have presented 
sufficient proof that it is not a fungus. The staining of normal fungi in scales with lacto- 
phenol and cotton blue, the failure to find partially degenerated forms in the same prepara- 
tion in which both mosaic material and fungi occurred and the failure to find morphologic 
connections between normal hyphae and these mosaic forms seem to disprove convincingly the 
theory that this material is a degenerate form of fungus. 

The method follows: 


Lactie acid 1 ¢.c. 
Phenol crystals 1 gm. 
Glycerin 3 Ck. 
Water (distilled) 1 c.c. 


To this may be added 0.5 per cent cotton blue (C4B Poirrier), which was considered by 
Langeron to be the best type. 

When scales were gently heated in a drop of this liquid on a slide and a cover glass was 
pressed on them, it was seen that fungi, when present, stained more deeply than did the 
epidermal cells. The varied thicknesses of the scales, however, hampered the effectiveness of 
the clearing action of the lactophenol, and it was found advantageous to subject the scales 
to preliminary clearing in a 5 per cent solution of potassium hydroxide. After this prelimi- 
nary treatment the scales were transferred to a watch crystal and washed with water. When 
the action of the potassium hydroxide was stopped after two or three minutes of washing, 
the seales were gently heated in a drop of the lactophenol-cotton blue mixture, and a cover 
glass was pressed on the preparation. They were then mounted in clear lactophenol, and the 
preparation was pressed out under a cover glass. The fungi were heavily stained, showing the 
protoplasmie content and hyaline outer sheath. 


To obtain permanent preparations of the scales stained with lactophenol and cotton blue, 


all that is necessary is to wipe off the excess medium around the cover glass and cement the 
cover to the slide with Noyer’s cement. Another method of obtaining permanent prepara- 
tons was found to be that of mounting the stained scale in chloral hydrate and acacia: 

Distilled water 50 c¢.¢. 

Chloral hydrate 50 gm. 

Glycerin 20 c.c. 


Acacia 30 gm. 








980 THE JOURNAL OF LABORATORY AND CLINICAL MEDICINE 


TRICHOMONAS VAGINALIS, Contrast Stain for, Miller, J. R. J. A. M. A. 106: 616, 1936. 


A drop of 0.1 per cent safranin used as a diluent for the pus to be examined furnishes 
a useful contrast. 

Not only the nuclear material but protoplasm also of the leucocytes rapidly takes 
safranin stain, whereas the Trichomonas vaginalis organism remains unstained and conspicu 
ous as a clear object against a slightly pink background. 

It is noticeable also that the safranin, at least in this dilution, does not interfere with 
the motility shown by trichomonas; if anything, it appears to stimulate it. Under the low 
power it is often possible more quickly to pick out areas where the organisms are numerous, 
so that identification with the high power objective can be quickly effected. 


HYPERTENSION, Benign and Malignant, and Nephrosclerosis, Kimmelstiel, P., and 
Wilson, C. Am. J. Path. 12: 45, 1936. 


A. Benign hypertension and benign nephrosclerosis may show a parallel development 
but in the early stages are not casually related. In the later stages, however, there may be 
a reciprocal relationship, i.e.: 

1, Hypertension acts as an accelerating factor on the development of arteriosclerosis. 

2. Arterial and arteriolar sclerosis of the kidney, when severe enough to produce im 
pairment of renal function, may give rise to ‘‘renal’’ fixation of the hypertension. Such 
cases are termed ‘**decompensated benign nephrosclerosis,’* since clinical and histologic evi 
dence shows that the impairment of function is of true renal origin. 

B. Malignant hypertension and malignant nephrosclerosis, on the other hand, show 
definite correlation. 

1. On clinical and histologic grounds malignant hypertension is to be regarded as a 
primary generalized vascular disease of which malignant nephrosclerosis represents the 
‘frenal end-stage.’’ Cases are described in which death occurs from malignant hyper 
tension before the renal end-stage is reached. 

2. When malignant hypertension progresses to the stage of malignant nephrosclerosis, 
the condition is clinically and histologically characteristic, as described by Volhard and 
Fahr. The main objection to their classification is the existence of so-called ‘‘borderline’’ 
vases, which are neither clinically nor histologically characteristic. Of these cases, in our 
interpretation, one group consists of cases of malignant hypertension in which death occurs 
before the renal phase develops; the other group comprises older subjects in whom the 
malignant hypertension is less fulminant and may be superimposed on benign nephro 
sclerosis. 

3. Endarteritis in its diffuse form is regarded as the most characteristic histologiv 
sign of malignant hypertension. Arteriolitis (arteriolar necrosis) is more closely related 
to the terminal renal failure than to the hypertension itself. 

4. Various hypersensitive states may act as precursors of malignant hypertension. 
Evidence is presented that diffuse glomerulonephritis may similarly be associated with or 
followed by malignant hypertension, thereby explaining the occurrence of the ‘‘specific’’ 
vascular lesions in the kidney in diffuse glomerulonephritis. 

5. A study of the relation of periarteritis nodosa to malignant nephrosclerosis provides 
suggestive evidence that two factors are necessary for the development of malignant hyper 
tension, namely, a preexisting hyperactivity or ‘‘sensitivity’’ of the arteries, on which is 
superimposed a precipitating factor, allergic or otherwise. 


EPITHELIOMA OF SKIN, Histologic Evidence of, Satenstein, D. L. Arch. Dermat 
Syph. 33: 48, 1936. : 


A guide for study of microscopic sections is as follows: 

l. Relation of the epithelial proliferation (a) to the epidermis (developing above 
below the surrounding epidermis; developing within or beyond the basal cell layer); (b) to 
the cutis infiltrating into the superficial or deep cutis; infiltrating en masse or disseminate! 
or diffuse. 
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2. Origin in regard to the type of time (nevoid or inflammatory) and of cells (physio- 
logic, or adult; pathologic, or anaplastic). 

3. Anaplasia, involving change in (a) physiology, cell differentiation or dyskeratosis 
(type, extent, relation) or (b) morphology (size, shape, staining characteristics and nuclear 
changes ). 

t. Broder’s classification. 

5. Associated changes in the cutis: (a) active inflammatory protective zone (char- 
acter, cytology, vascular changes); (b) sequelae of changes in the cutis degeneration 
fibrosis, ete.) 

For diagnosis, one should note the cell type, with its character of development and 
manner of infiltration; the dyskeratosis, with its extent and type, and the character of the 


nflammatory protective zone. 


GRANULOPENIA, Further Studies in Experimental, Parker, F. P., and Kracke, R. R. 
Am. J. Clin. Path. 6: 41, 1936. 


Since experimental agranulocytosis can be consistently produced in animals with 
benzene and some of its oxidation products, a consideration of a possible mechanism is 
discussed. 

A résumé of the accelerating action of glutathione on the rate of cell division suggests 
the possibility of this substance influencing bone marrow activity and further suggests that 
its depletion would lead to bone marrow aplasia with resulting leucopenic states. 

Experiments are presented in which agranulocytosis was produced in rabbits by the 
daily injection of benzene, with the leucopenic animals showing a marked depletion of the 
biologically active or reduced glutathione in bone marrow and blood. 

The glutathione changes in the blood of twenty patients with various hematologic dis- 
orders showed a marked increase in those cases characterized by pathologic leucocytie stimu- 
lation; a marked decrease in those showing bone marrow aplasia; and with no change in 
those showing physiologic leucocytosis. 

It is suggested that the reduced form of glutathione plays an important réle in regu- 
lating normal bone marrow activity, and that depletion of this substance in the blood stream 
or bone marrow may lead to various leucopenic states. 

Determinations carried out on various preparations of liver extract show the presence 

a large amount of reduced glutathione, suggesting that this substance may be partially 
responsible for the therapeutic effect of liver extract in some of the leucopenic diseases. 


URINE, New Method for Determination of Sugar in, Gugliucci, A. Rif. Med. Naples 42: 


389, 1936. 


The method following depends upon the reduction of potassium ferricyanide to potas- 


m ferrocyanide by dextrose. 
Reagent— 
Potassium ferricyanide 9.90 gm. 
Sodium carbonate, anhydrous 60.85 gm. 
Distilled water to make 1,000 2c. 
reagent is stable. 
Method— 
1. Place 10 c.c. of reagent in a large test tube and heat to boiling. 
2. Add urine drop by drop, heating after each addition, until the yellow color disappears. 


Calculation— 
10 


c.c. of urine used 


— grams of dextrose per liter. 
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PURPURA, Thrombocytopenic, The Value of the Prognostic Venom Reaction in, Peck, 
S. M., Rosenthal, N., and Erf, L. A. J. A. M. A. 106: 1783, 1936. 


: . é , , 
An intradermal moccasin snake venom test has been used as a prognostic measure in 


essential thrombocytopenic purpura hemorrhagica. 

Persistence of a positive reaction to successive tests, or a reversal to a negative reac- 
tion, is of value in determining the trend of the purpuric state. 

Subcutaneous injections of moccasin snake venom have been employed as a therapeutic 
measure in chronic purpura hemorrhagica. It apparently has been of value in twenty-two of 
the thirty-four cases in which it has been used. 

The effect of subcutaneous venom injections and the trend of the intracutaneous venom 
test are important for the indication and prognosis of splenectomy. 

The intradermal skin test known as the prognostic venom reaction consists of the 
injection intradermally of 0.1 ¢.c. of 1:3,000 standardized moccasin venom, with a control of 
0.1 ¢.c. of physiologic solution of sodium chloride. The test is read in one hour. A positive 
reaction is manifested by capillary rupture with diffusion of blood into the tissues. The 
absence of capillary rupture constitutes a negative reaction. Diffusion of blood at the site 
of injection after twelve hours is regarded as a delayed positive reaction. A positive reaction 
indicates the presence of a purpuric state and a close association with a thrombocytopenia. 
Clinical improvement is shown by a change from a positive to a negative reaction. 


ICTERUS GRAVIS, Certain Types of, Ross, S. G., and Waugh, T. R. Am. J. Dis. Child. 51: 
1059, 1936. 


The facts brought out by this study lead to the view that icterus gravis may be divided 
into two main groups: (a) the hemolytic and (b) the obstructive type. In many cases the 
jaundice results from a combination of the two factors. The first type is the more common. 
The cause of the hemolysis is unknown. The course of the disease is rapid. The jaundice 
appears early. As illustrated previously, obstructive jaundice may supervene and _ persist 
after the hemolysis has ceased. In other cases the obstructive jaundice may disappear and 
the hemolytic jaundice may persist. When the obstructive jaundice is marked, a hemorrhagic 
diathesis may appear. The authors have brought forward evidence against the use of the 
term erythroblastosis of the newborn for the hemolytic type of jaundice, as the appearance 
in the blood and tissues of the excess of embryonic red cells does not appear to be a primary 
factor in the causation of the disease but merely a secondary temporary response to the severe 
anemia. The prognosis in this type of the disease must be guarded on account of the severe 
anemia, the tendency to collapse and the risk of hemorrhage from the obstructive jaundice. 
Should the patient recover from the acute disease, the danger of cerebral lesions, resulting 
in spasticity, cerebral diplegia and mental deficiency, appears to be well founded. 

The purely obstructive type of icterus gravis seems to be a rarer condition than the 
type just discussed. The jaundice is less intense, it usually appears later, the course of the 
disease is more favorable and anemia does not develop. 

The authors’ observations on the hemolytic type of icterus gravis support the view of 
Parsons that some factor in the blood of the mother or infant favors excessive hemolysis and 
that the embryonic cells appearing in the blood are the result and not the cause of thi 
resulting anemia. This lays open to doubt the wisdom of accepting the term erythro 
blastosis of the newborn, as used by de Lange, Blackfan, Clifford and others, for this con 
dition. 

The treatment of the two types is obviously different. For that reason, an early diag 
nosis, which is only possible by a careful taking of the history, physical examination and, most 
important of all, a complete examination of the blood, is essential. In the hemolytic type, t! 
severe anemia must be treated by early and often frequent transfusions. The authors have 
had no experience in the use of injections of blood serum. In the treatment of the obstructi\ 
type of jaundice with no accompanying anemia, transfusions are obviously not indicated, an! 
the treatment is principally dietary. 
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THROMBOCYTOPENIA, Congenital, Sanford, H. N., Leslie, E. I., and Crane, M. M. Am. 
J. Dis. Child. 51: 1114, 1936. 


A case of congenital thrombocytopenia is reported in which both mother and infant, be- 
sides showing marked thrombocytopenia, showed an increased disintegrative ability of the 


platelets that kept the mechanism of coagulation in balance. 


LEAD POISONING, Concentration of Lead in the Urine in the Diagnosis of, Shiels, D. O. 
Med. J. Australia 1: 1956. 


The concentration of lead in the urine of 29 subjects of compensatable lead poisoning 
has been determined, and also of 85 subjects who were fit and exposed to generally similar 
hazards. 

The average value in the case of fit subjects was 0.12 milligram per liter. 

The average value in the case of subjects suffering from compensatable lead poisoning 
from whom samples were taken while they were still exposed to the hazard or within a few 
days of leaving it, and who had undergone no treatment previous to reporting sick, was 0.23 
mg. per liter. 

Out of 114 patients, 24 showed concentrations equal to or greater than 0.20 mg. per 
liter; of these, 17, or 70.8 per cent, were suffering from compensatable lead poisoning. 

Thirteen subjects showed concentrations equal to or greater than 0.25 mg. per liter; of 
these, 12, or 92.2 per cent, were suffering from compensatable lead poisoning. Of the sub- 
jects with compensatable lead poisoning, 50 per cent showed urinary lead concentrations equal 
to or greater than 0.25 mg. per liter. 

The results confirm those of Kehoe, Thamman and Cholak, who considered that lead poi- 
soning could be expected when the urinary lead excretion was 0.21 mg. per liter, and of 
Brown, who found that 50 per cent of the subjects of lead poisoning had urinary lead con- 


centrations above 0.20 mg. per liter. 


LYMPHOBLASTOMAS: The Lymphatoid Disease, Krumbhaar, E. B. J. A. M. A. 106: 


286, 1936. 


Although the group of diseases under consideration includes several of different or un- 
known etiology, and a pathologic histology that is recognizably different in most, the great 
similarity or overlapping of many of the clinical pictures makes it convenient and advisable 
to include them in a group designation. 


i] 


For this heterogeneous group, a noncommittal term ‘‘lymphomatoid diseases’’ is sug- 
gested instead of the scientifically inaccurate and progress-inhibiting designation of ‘‘lympho- 
blastoma’’ with its unjustifiable indication of neoplasm. It is further suggested that the 
latter term be reserved for the use for which it was coined, ‘‘a tumor derived from the 


lymphoblast, ’ 


, 


and not distorted out of sense to supply a clinical need. 
In spite of, or rather in view of, the overlapping and often baffling clinical pictures met, 


classification and the individual diagnoses as far as possible should be on a pathologic 
basis. It is more desirable to leave the diagnosis of cases in which this is impossible as 
ntative or unmade than to make unwarranted groupings under a single head for the sake 
giving a label to a greater number of individual cases. 

An analysis of 150 cases of these lymphomatoid and related diseases in the autopsy 


ords of the University and Philadelphia General Hospitals has brought out various items of 


etiologie and pathologie interest. Useful light on the essential nature of the diseases, how- 


er, has not been forthcoming. 

Phagocytosis of tumor cells may occasionally be so marked as to require consideration 
s factor in tumor resistance. 

The lymphomatoid diseases are practically all alike in having a fatal prognosis, though 
duration may extend from a few days to many years. With few exceptions they are 
uliarly susceptible to and improved by radiation treatment. The relative resistance of the 

ticuloses to radiation may prove useful in segregating this group. 
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Books and Monographs for Review should be sent direct to the Editor, 


Dr. Warren T. Vaughan, Professional Building, Richmond, Va. 


Clinical Implications of Modern Physiologic Hematology* 


NTIL recently, hematology was almost entirely morphologic since little was known con 
cerning the physiology of blood cell formation, circulation, and destruction. Such 
physiologic facts as were proved were seldom correlated with morphologic findings gained fron 
The clinical management of blood dyscrasias has changed 
Our 


examining the circulating blood. 
completely within the past few years, due largely to advances in physiologic knowledge. 
idea concerning the embryology of the blood cells, the factors necessary for the growth and 
nutrition of cells, the state of the bone marrow, and the metabolism of hemoglobin have changed 
entirely due largely to the research in this country of Sabin, Doan, Whipple, Minot and 
Murphy, Castle, and many other workers. In no field of medicine has fundamental researeh 
work been more rapidly adapted to clinical problems to the great benefit of the patient. 

In the Beaumont Lectures for 1936, Dr. Charles 8. Doan, who has had an active part in 
the basic research in hematology during the past fifteen years, reviews the important work 
done by him and his associates and applies his experimental findings to blood problems in man. 

Much valuable research work has been lost to the patient for the lack of clinical interest 
and interpretation on the part of the research worker. Dr. Doan fortunately combines the 
research and clinical ability and interest necessary to apply original findings to clinical prob 
lems. This monograph illustrates especially the great value of the clinical application of 
fundamental research. The two lectures coneern: (1) Blood cell origin and maturation, 
and (2) blood eell distribution and destruction. Dr. Doan’s contribution will be read with 


great interest and profit by everyone concerned with modern physiologic hematology. 


Guide-Book in Practical Obstetrics} 


HILE, as the title indicates, this book is intended to serve as a guidebook for the 

author’s students, it might well be included as an essential part of the obstetrical equip 
ment of any practitioner engaged in this field of medicine; and particularly should it be 
within easy reach of those who practice obstetrics only occasionally. 

Many ponderous tomes have been written on this subject, but few of them contain more 
practical and useful advice. Concise, yet not laconic; evidencing on every page an extensive 
and well-digested experience, this book is truly what it sets out to be: a guidebook. And 
those who follow it will not go far wrong, no matter what the situation with which they are 
confronted, for within its less than two hundred pages it comprises a wealth of practical! 
obstetrics. 

The book is divided into three sections. Part I presents obstetrical technique as practiced 
by the author and taught to his students, and includes the management of complications. 

Part II presents in detail the Fay-Arnold conception of eclampsia and the treatment used 
by these authors with such conspicuous success. 

Part IIL consists of ‘‘ Obstetrical Review Clinics’*—a presentation of illustrative cases 
which comprise, as it were, a condensed postgraduate course. 

No one will make a mistake in the purchase of this book. 

The reviewer has but one criticism: There is so much of real and practical value in thi 
small volume that it is regrettable that it is not equipped with an index. 

*Clinical Implications of Modern Physiologic Hematology. By Charles S. Doan, Pri 
fessor of Medicine and Director of the Department of Medical and Surgical Research, Colles 
of Medicine, Ohio State University, Columbus, Ohio. Beaumecnt Foundation Lectures, 193 
Cloth, 160 pages, 52 charts, 12 photomicrographs, 3ruce Publishing Company, St. Pau 
Minn. 

*+Guide-Book in Practical Obstetrics. 3y J. O. Arnold, M.D., Professor of Obstetri 
Temple University Medical School. Cloth, 197 pages, numerous figures, charts, and tables. $2.5 
Carson Publishing Co., Philadelphia, Pa. 
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